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HETEROBIFUNCTIONAL POLY (ETHYLENE GLYCOL) 
DERIVATIVES AND METHODS FOR THEIR PREPARATION 



Field of the Invention ' 



The invention relates to heterobifunctional poly(ethylene glycol) 

derivatives and methods for their preparation. 

* * " ' " " ■ 

BACKGROUND OF THE INVENTION 
Covalent attachment of the hydrophilic polymer poly(ethylene 
glycol), abbreviated (PEG), also known as poly(ethylene oxide), abbreviated 
(PEO), to molecules and surfaces has important applications in biotechnology and 
medicine. In its most common form, PEG is a linear polymer having hydroxyl 
groups at each terminus: 

. HO-CH 2 -CH 2 0(CH 2 CH 2 0) n CH 2 CH r OH 

This formula can be representee!, in brief as HO-PEG-OH, where it is understood , 

. ^ -;j ■■ • -•- ;Pthaf£PEG- represents th^ 

V. ■': ^'•' v ^:^^V--:-'v>' - : -"F^ equals -eH 2 cri 2 0(CH^ 

. , \^y : f .. v x ; • •.. "... - ' . • 

terminus is the relatively inert methoxy group, while the other terminus is a 
_ . ■ : ■ : hydroxy! group that is subject to -ready chemical modification. 

,CH 3 0-{CH 2 CH 2 0) n -CH 2 CHrOH - ' 
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It is understood by those skilled in the art that the term 
'polyethylene glycol) or PEG represents or includes all the above forms and still 
others. 

The copolymers of ethylene oxide and propylene oxide are closely 
related to PEG in their chemistry, and they can be substituted for PEG in many of 
its applications. 

HO-CH 2 CHRO(CH 2 CHRO) B CH 2 CHR-OH 
# " R = HandCH 3 

PEG is a useful polymer having the property of water solubility as 

well as solubility in many organic solvents. PEG is also non-toxic and 
non-immunogenic. When PEG is chemically attached to a water insoluble 
. compound, the resulting conjugate generally is water soluble as well as soluble in 
many organic solvents. When the molecule to which PEG is attached is 
. biologically active, such as a drug, this activity is commonly retained after 
attachment of PEG and the conjugate may display altered pharmacokinetics. For 
example, Bentley et a \. in Polymer Preprints , 38(1), 584 (1997) demonstrated that 
the water insoluble antemisinin becomes water soluble and exhibits increased 
antimalarial activity when coupled to REG. Davis e t a i, in U.S. Patent No. 
r l • 4, 179337 have shown that protejgs 6^1 ed to, PEG hav^ e^anced blood 
Yv'* ; -^circulat^ > 
immunogenicity . The lack of toxicity of PEG and its rapid clearance from the 
body are advantageous for pharmaceutical applications. 

As applications of PEG chemistry have become more sophisticated, 
there has been an increasing need for heterobifunctional PEGs, that is PEGs 
bearing dissimilar terminal groups: 

X-PEG-Y 

where X and Y are different groups. PEGs having backbone ester groups and 
terminal groups, X and Y: 



X-P£G-CO r PEG-Y 
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can be considered to be heterobifiinctional even if X and Y are the same, since 
each PEG unit within the backbone is substituted unsymmetrically. 

Such heterobifiinctional PEGs bearing appropriate functional 
groups may be used to link the PEGs to surfaces or other polymers, such as 
polysaccharides or proteins, with the other terminus attached, for example, to a 
drug, a liposome, another protein, or a biosensor. If one terminus is bound to a 
polymer, and the other terminus is bonded to an appropriate functional group, 
cross-linking to form a useful hydrogel can occur. 

Utilizing existing methods, however, heterobifiinctional PEGs are 
often difficult or impossible to prepare in high purity. For example, one could 
conduct the below reaction, using molar equivalents of each reagent with the goal 
of preparing the heterobifiinctional PEG acetal product shown: 

HO-PEG-OH + CICH 2 CH(OC 2 H,)2 + NaOH ► 



- HO-PEG-OCH 2 CH(OC 2 Hj)2+NaC!+H 2 0 



In practice, however, some of the disubstututed.PEG diethyl acetal, 
(C2H 5 0) 2 CH 2 0-PEG-OCH 2 CH(OC2H 5 )2 is also inevitably formed and some 
upreacted PEG woulcj also remain: Tediqps q^matography woiilc^be required to. 
separate this mixture. . . . ' = . ; /J^'li^ r 7. ; ; 

The chromatographic approach has been used by Zalipsky 
(Bioconjugate Chemistry, 4: 296-299, 1993) to purify the following 
heterobifiinctional. PEG derivative: 

HO-PEG-CONHCH 2 C0 2 H 

from a reaction product mixture also containing unreacted PEG and the 
disubstituted carboxylic acid derivative. 

In certain applications, it is essential that minimum HO-PEG-OH be 
present in monoalkyl PEGs used to prepare monofunctional activated PEGs, since 
the presence of HO-PEG-OH would lead to doubly activated PEG derivatives 
which would result in crosslinked products or have other undesirable effects. In 
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fact, HO-PEG-OH is a common contaminant in monoalkyl PEGs. The 
chromatographic approach has been disclosed in U.S. Patent No. 5,298,41 0 to 
separate CH 3 0-PEG-OH from HO-PEG-OH by forming the trityl 
(Ph 3 C-derivatives), separating.the derivatives chromatographically, and removing 
the trityl group from CH 3 0-PEG-OCPh 3 . A recent patent application, Suzawa, et 
■ al (W096/3545 1) disclosed benzyl PEG (C 6 H 5 -CH 2 -OPEG-OH) as an 
: intermediate in preparing a heterobifunctional PEG bearing a group at one 
terminus having affinity for a target cell and having a toxin at the other terminus. 
The benzyl PEG, however, was prepared by benzylation of PEG, followed by 
laborious extensive gradient chromatography to separate benzyl PEG from 
dibenzyl PEG and unreacted PEG. The procedure was done on a small scale with 
a yield of only 7.8%. The method thus has little value for useful commercial 
production. 

A second strategy, the polymerization approach, for preparing 
heterobifunctional PEGs involves anionic polymerization of ethylene oxide onto an 
anion, X", which ultimately becomes the end-group of the polymer: 

O 

/A 

X> n 1 * X-(CH 2 CH 2 0-)„- 

, X 4tH,CH,0-y + H + — r— - — = ►X<CH 2 CH,0-) n Hr. , . 

,1 <s£2?*-:\ this method'^ a [ (BioconjuBate Chernistry, 3: 

275-276, 1 992) to prepare a PEG with a hydroxyl group at one terminus and an 
" amino group at the other: Cammas, et a ; (Bioconjugate Chemistry, 6: 226-230, 
1 995) have used this method to prepare PEGs with an amino group on one 
; 1 terminus and a hydroxyl or methoxy group on the other. It has also been used by 
Nagasaki, et a i (Biocojugate Chemistry, 6: 231-233,- 1995) to prepare a PEG 
having a formyl group at one terminus and a hydroxyl group at the other. This 
method is generally useful only if X is a suitable and desired group on which to 
initiate polymerization; frequently this is not the case. Also, successful application 
of this method requires rigorous exclusion of water to prevent formation of HO- 
PEG-OH, and this problem becomes more severe as the molecular weight 
increases. It is also necessary to carefully control the degree of polymerization in 
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order to obtain the desired molecular weight of the PEG derivative. This method is 
limited by the degradation of many types of drug molecules under the harsh 
conditions of the polymerization if the ethylene oxide polymerization is conducted 
directly on the drug molecule. The method is also limited by lack of selectivity if 
more than one functional group is present on which polymerization can occur. 

It would be desirable to provide additional methods for preparing 
heterobifunctional PEGs that substantially eliminate at least some of the problems 
and drawbacks of previous methods. 



SUMMARY OF THE INVENTION 
This invention provides a method for preparing heterobifunctional 
poly(ethylene glycol) derivatives via a PEG intermediate bearing a removable 
group at one terminus. PEG derivatives of the class, W-PEG-OH, where W is a 
group removable by mild chemical methods, are provided and are first altered by 
modifying the OH group to a desired group, X, followed by removal of W to 
generate a second hydroxyl group. The latter hydroxyl group may then be further 
altered to a second functional group Y, thus providing the desired 
heterobifunctional PEG: 

W-p|g t OH ► W-PEG-X ■ > H(M>EG-X Y-PEG-X "j ^ 

A preferred removable group is the benzyloxy group 
(QH5CH2TO-), although other arylmethyl groups including, but not limited to, 4- 
-methylbenzyl, 3-methylbenzyl, 4-chlorobenzyl, 4-methoxybenzyl, 
diphenylmethyl, triphenylmethyl, or 1-naphthylmethyl, may be used. 
Diarylmethyl and triarylmethyl groups will also suffice. Benzyloxy-PEG-OH 
(BzO-PEG-OH), for example, may be prepared in high purity by polymerization of 
ethylene oxide onto the benzyloxide ion, BzO*. By conducting the reaction under 
carefully controlled, anhydrous conditions, the heterobifunctional derivative 
product can be prepared with a minimum amount of HO-PEG-OH. An advantage 
of benzyl and other arylmethyl groups is that they may be removed from the PEG 
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under relatively mild conditions by catalytic hydrogenoiysis or by acid-catalyzed- 
. hydrolysis. 

BzO-PEG-X + H 2 (cat) — ► C 6 H 5 -CHj + HO-PEG-X 

BzO-PEG-X + H 2 0(H + )- ■ : ^C^HsCHjOH + HO-PEG-X . 

In the reactions above, cat is a catalyst such as palladium on charcoal. 

In one embodiment of the invention, the method is used in 
conjugating PEG or related polymers to macromolecules such as proteins, lipids, 
polysaccharides, or other polymers or surfaces. First, the hydroxyl group of the 
intermediate polymer BzO-PEG-OH is converted to a first reactive functional 
group. This reactive functional group allows the attachment of the BzO-PEG- to a 
macromolecule. The benzyl group is then removed by hydrogenoiysis or 
hydrolysis, without chemically affecting the macromolecule, thus making available 
a new terminal hydroxyl group on the PEG derivative. This new hydroxyl group 
may be used directly to attach that terminus of the PEG derivative to the same or 
another macromolecule. Alternatively, the hydroxyl group may be further 
converted to a second reactive functional group, which is then used to link the PEG 
derivative to a macromolecule. If the second reactive functional group is linked to 
another polymer, a cross-linked polymer useful as a hydrogel may be generated. 
; ? The reaction scheme may be illustrated in a general form as follows: * 
<.';•;■ ' "■" _ ' -}V\ 

, (1) BzO-PEG-OH — — — * BzO-PEG-X (X^reactive functional group) 

(2) BzO-PEG-X ; . — " BzO-PEG-M, ' ■ • < (M,= a macromolecule, e.g.; surface, 
;.' V drug, protein, or polymer.) ' 

• (3) BzO-PEG-M, + H 2 (hi/Ci ► BzH + HO-PEG-M, 

OR ; ' ~-\ , 

BzO-PEG-M, + H 2 0/H ; ■ — ► BzOH + HO-PEG-M, 

(4) HO-PEG-M, — M 2 -PEG-M, (M 2 = a macromolecule, e.g., surface, 

drug, protein, or polymer, or a 
different site on M ( .) 

If desired, the order of the reaction sequence can be manipulated to 
avoid destruction of a chemical group sensitive to hydro genation or hydrolysis: 
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( 1 ) Bz-PEG-OH ■ > BzO-PEG-X 

(2) BzO-PEG-X '■ ► BzO-PEG-M 2 (M 2 =drug, surface, polymer, or other 

group not sensitive to hydrogenation 
or hydrolysis.) 

(3) BzO-PEG-M 2 + H 2 (Pd/C) ► BzH (or BzOH) + HO-PEG-M 2 

OR 

BzO-PEG-M 2 + H 2 0/H+ ► BzH (or BzOH) + HO-PEG-M 2 

(4) HO-PEG-M 3 M r PEG-M 2 . (M,=drug, surface, polymer, or other 

group sensitive to hydrogenation or 
hydrolysis.) 

In another embodiment of the invention, a method of inhibiting the 
reactivity of HO-PEG-OH in a mixture of W-O-PEG-OH and HO-PEG-OH is 
disclosed. In this approach, alkylation of W-O-PEG-OH containing HO-PEG-OH 
produces a mixture of W-O-PEG-OR and RO-PEG-OR, where R is an alkyl group. 

BzO-PEG-OH + HO-PEG-OH + R-X : ► BzO-PEG-OR + RO-PEG-OR + HX 

X is a leaving group such as mesylate or tosylate. 

Catalytic hydrogenation converts the BzO-PEG-OR to RO-PEG-OH. 

. ' • ' BzO-PEG-OR + RO-PEG-OR (PcVC) ■ — ► RO-PEG-OH + RO-PEG-OR + BzH . 

Thus, a mixture of RO-PEG-OH and RO-PEG-OR is produced. 

Unlike HO^PEG-OH, RO-PEG-OR is inert and nonreacti ve. Thus, the mixture is 
equivalent to a pure product of RO-PEG-OH in most chemical reactions. 

The foregoing and other objects, advantages, and features of the 
invention, and the manner in which the same are accomplished, will be more . 
readily apparent upon consideration of the following detailed description of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
This invention provides a method for preparing, in high purity and 
high yield , heterobifunctional derivatives of polyethylene glycol) or related 
polymers. A chromatographic purification step is not necessary in the method. In 
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accordance with the method of the invention, ah intermediate polymer having a 
formula of W-Poly-OH is provided bearing a removable group W at one terminus. 
v The intermediate polymer W-Poly-OH is firsf altered by modifying the OH group 
- ■ to a first functional group X, followed by the removal of W to generate a second 
hydroxy} group. The latter hydroxy! group may then be further converted to a 
second functional group Y, thus providing the desired heterobifunctional 
"-derivative: 

: W-Poly-OH > W-Po!y-X > HO-Poly-X * Y-Poty-X 

In the discussion below, Poly will often be referred to for 
convenience as PEG or as polyethylene glycol). However, it should be 
understood that other related polymers are also suitable for use in the practice of 
the invention and that the use of the term PEG or polyethylene glycol) is intended 
to be inclusive and not exclusive in this respect. 

Poly(ethylene glycol) or PEG is useful in biological applications 
because it has properties that are. highly desirable and is generally approved for 
biological or biotechnical applications. PEG typically is clear, colorless, odorless, 
soluble in water, stable to heat, inert to many chemical agents, does not hydrolyze 
. . or deteriorate, and is nontoxic. Polyethylene glyco}): is considered to be * 
^^..bipc^mpatible, whidkis;^ liying T ... 

tissues or organisms without causing harm. More specifically, PEG is not 
. immunogenic, which is to say that PEG does not tend to produce an immune 
. response in the body. When attached to a moiety having some desirable function . 
in the body, the PEG tends to mask the moiety and can reduce or eliminate any 
immune response so that an organism can tolerate the presence of the moiety ^ 
Accordingly, the heterobifunctional derivative of the. invention should be 
substantially non-toxic and should not tend substantially to produce an immune 
response or cause clotting or other undesirable effects. 

PEG having the formula -CH 2 CH 2 -(CH 2 CH 2 0) n -CH 2 CH r , where n 
is from about 8 to about 4000, is one useful polymer in the practice of the 
invention. Other (Afunctional, water soluble, nonpeptidic polymers than PEG are 
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also suitable for the present invention. These other polymers include polyvinyl 
alcohol) ("PVA"); other poly(alkylene oxides) such as polypropylene glycol) 
("PPG") and the like; and poly(oxyethylated polyols) such as poly(oxyethylated 
glycerol), poly(oxyethylated sorbitol), and po!y(oxyethylated glucose), and the * 
like. The polymers can be homopolymers or random or block copolymers and 
terpolymers based on the monomers of the above polymers, straight chain or 
branched. 

Specific examples of suitable additional polymers include 
poly(oxazoline), difunctional poly(acryloylmorpholine) ("PAcM"), and 
poly(vinylpyrrolidone)("PVP"). PVP and poly(oxazoline) are well known 
polymers in the art and their preparation should be readily apparent to the skilled 
artisan. PAcM and its synthesis and use are described in U.S. Patent Nos. 
5,629,384 and 5,631,322, the contents of which are incorporated herein by 
reference in their entirety. 

The terms "group," "functional group," "moiety," "active moiety," 
and "reactive site," are all somewhat synonymous in the chemical arts and are used 
in the art and herein to refer to distinct, definable portions of units of a molecule ' 
and to units that perform some function or activity and are reactive with other 
. molecules or portions of molecules. 

' A-'^ The term "linkage" is used to refer to groups that normally are 

: feririeid as the result o 

It should be understood that by "drug" is meant any substance 
intended for the diagnosis, cure, mitigation, treatment, or prevention of disease in 
humans and other animals, or to otherwise enhance physical or mental well being. 

The term "macromolecule" is used to mean large molecules 
including, but not limited to, lipid, polysaccharide, proteins, nucleotide sequences, 
drugs, polymers, etc. It is often desirable to conjugate the above described 
polymers to such macromolecules. 

In accordance with the invention, the removable group W can be 
removed from the polymer W-Poly-X by mild chemical reactions. Such chemical 
reactions can be performed in conditions under which other moieties of the 
polymer W-Poly-X, particularly the first functional group X, are not undesirably 
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modified. Preferably W has a formula of Ar-C(Rj)(R2) : 0- where Ar represents a 
moiety selected from the group consisting of phenyl, substituted phenyl, biphenyl, 
substituted biphenyl, polycyclic aryls, substituted polycyclic aryls, and 
■ ; heterocyclic aryls, where R, : and R 2 are H, alkyl, or Ar which is defined above. 
. Thus, exemplary examples of the removable group W include, but are not limited 
to, benzyloxy group (C 6 H 5 CH 2 -0-), and other arylmethyloxy groups including, but 
; , . not limited to, 4-methylbenzyloxy, 3-methylbenzyloxy, 4-chlorbbenzy loxy, 
4-methoxybenzyloxy, diphenylmethyloxy, triphenylmethyloxy, and 
1-naphthylmethyloxy. The arylmethyloxy groups can be removed from the 
polymer under relatively mild conditions by catalytic hydrbgenolysis or acid- 
catalyzed hydrolysis. 

In accordance with the invention, the intermediate polymer of W- 
Poly-OH is preferably synthesized, e.g., by polymerization of monomers of the 
: suitable polymers onto the arylmethyloxide ion. For example, Benzyloxy-PEG- 
OH (BzO-PEG-OH) may be prepared in high purity and high yield by 
polymerization of ethylene oxide onto the benzyloxide ion BzO. Preferably, the 
polymerization reaction is conducted under anhydrous conditions. In accordance 
. : with this aspect of the invention, production of HO-PEG-OH is minimized. 

[ : Extensive gradient chromatography purification is not required, and the yield of 
' ' *: BzO-PEG-OH is high. This is ! in contrast with the prior art method of benzylation 
, . ^ 

inevitably leads to high cost and low yield rendering the method of little value for 
commercial production. . . ' ; • • ' \ ■/ . . .. 

In accordance with the invention, the final product of the , 
heterobifunctional derivative of polyethylene glycol) or related polymers have a 
formula of Y-Poly-X The first functional group X and the second functional 
group Y are reactive moieties.that are capable of reacting with other molecules to 
which the PEG derivatives are desired to be conjugated to, e.g., maeromolecules 
including, but not limited to, proteins, lipids, polysaccharides, and other polymers. 
Examples of the first functional group X include, but are not limited to, mesylate; 
tosylate; tresylate; -O-CCH^-COoH where n = 1-6; -0 : (CH 2 ) n -C0 2 R 3 where n = 
1 -6 and R 3 is an alkyl group; -NHR4 where R4 is H or alkyl or an amine protecting 
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group such as t-Boc and Fmoc; -0-(CH2) n -CH(ZR 5 ) 2 where n is a number of 1-6, Z 
is 0 or S, R 5 is H or an alkyl group; Ar-CH=CH-CH=CH-CO r where Ar 
represents a moiety selected from the group consisting of phenyl, substituted 
phenyl, biphenyl, substituted biphenyl, polycyclic aryls, substituted polycyclic 
aryls, and heterocyclic aryls; -0-(CH 2 ) n -CHO; and -0 2 CCH 2 CH 2 C0 2 R 6 , where 
is H or NHS which represents N-succinimidyl. 

Examples of the second functional group Y include, but are not 
limited to, hydroxyl group; mesylate; tosylate; tresylate; -0-(CH 2 ) n -C0 2 H where n 
= 1-6; -0-(CH 2 ) n -C0 2 R 3 where n = 1-6 and R 3 is an alkyl group; -NHR4 where R4 
is H or alkyl or an amine protecting group such as t-Boc and Fmoc; 
-0-(CH 2 ) n -CH(ZR 5 ) 2 where n is a number of 1 -6, Z is 0 or S, R 5 is H or an alkyl 
group; Ar-CH=CH-CH=CH-C0 2 - where Ar represents a moiety selected from the 
group consisting of phenyl, substituted phenyl, biphenyl, substituted biphenyl, 
polycyclic aryls, substituted polycyclic aryls, and heterocyclic aryls; -CKCH^- 
CHO; -OjCCI^CHjCO^, where R 6 is H or NHS which represents N- 
succinimidyl; and CH 2 =CH-CO r . In a polyethylene glycol) derivative of the 
formula Y-Poly-X, the first functional group X and the second functional group Y 
are preferably different from each other, thus ensuring the polymer to be 
heterobifunctionaL 

■ ' ' * Preferably, when X is Ar-CH==CH-CH=CH-C0 2 - where Ar is as 

; : : defined above, Y is.-D-(CH 2 ) n ^CHO •or-6-(GH 2 )^CH(2SL5) 2 where n is a number >! 
of 1 -6, Z is 0 or S, and R 5 is H or an alkyl group. When X is -0-(CH 2 ) n -CH(ZR 5 ) 2 
where n is a number of 1-6, Z is O or S, and R 5 is H or an alkyl group, Y.is 
■ preferably -C^CCH^HjCO^ where R* is H or NHS. When X is 
-0-CH r C0 2 CH(CH 3 )CH 2 CONHS, the second functional group Y is preferably 
CH 2 =CH-CO r . 

Although the reaction scheme of method of the present invention is 
demonstrated above in the equations: 

W-Poly-OH W-Poly-X ► HO-Poly-X ► Y-Poly-X> 

it should be understood that there can be more than one chemical reaction steps 
between any of two products in the equations. For example, several sequential 
reaction steps may take place to convert the terminal hydroxyl group of W-Poly- 
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Hydrogels can be produced in this method through crosslinking of 
multiple different macromolecules by the PEG related polymer Poly. However, it 
should be understood that, in accordance with this invention, the two functional 
group X and Y can also be linked to the same macromolecule, wherein the 
conjugating of PEG related polymers oh themacromolecule may form a polymer 
shell on the macromolecule. 

In another embodiment of the invention, the heterobifunctional 
derivative of PEG or related polymer Y-Poly-X made as described above can be 
reacted with macromolecules or other substances through the functional groups X 
and Y and the reactive moieties on the macromolecules or other substances. For 
example, X and Y can be selected such that two different types of macromolecule 
or other substance can be linked to X and Y respectively. It is also possible to 
select X and Y such that they react with the same types of macromolecules. 

In accordance with another aspect of the invention, 
heterobifunctional derivatives of poly(ethy!ene glycol) or related polymers are 
provided. Such polymers are represented by a formula- of Y-Poly-X, where Poly 
represents poly(ethylene glycol) or related polymers as defined above. X and Y 

are reactive functional groups selected from the group consisting of mesylate, 

'i • • " * ' " 

tosylate, tresylate, -0-(CH 2 ) n -C0 2 H where n = 1 -6, 

-0-(CH 2 ) n -C0 2 R 3 where n= 1-6 and R 3 is an alkyl group, : 

-NHR4 where R 4 is H or alkyl or an amine protecting group such as t-Boc and 
Fmoc, -GHCH 2 ) n -CH(ZR 5 )2 where h is a number of I -6, and Z is 0 or S, R 5 is H or 
an alkyl group, Ar-CH=CH-CH=CH-C0 2 -, where Ar represents a moiety selected 
from the group consisting of phenyl, substituted phenyl, biphenyl, substituted 
biphenyl, polycyclic aryls, substituted polycyclic aryls, and heterocyclic aryls, -O- 
(CH 2 ) n -CHO, and -02CCH2CH2C02R6, where R^ is H or NHS, n is 1 -6. 
Preferably X is different from Y. 

In some embodiments, when X is Ar-CH=CH-CH=CH-C0 2 - where 
At is as defined above, Y is -CHCH^-CHO or ^-(CH^-CHCZRs^ where n is a 
number of 1 -6, Z is 0 or S, and R 5 is H or an alkyl group; when X is 
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-0-(CH 2 ) n -CH(ZR 5 )2 where n is a number of 1 -6, Z is 0 or S, and R 5 is H or an 
1 alkyl group, Y is preferably .-02CCH2CH2C02R6, where R$ is H or NHS; when X is 
-O-CH2-C02CH(CH 3 )GH 2 CdNHS 3 the second functional group Y is preferably 
CH 2 =CH-C0 2 -. . 

In yet.another aspect of the invention, a method is provided for 
preparing a heterobifunctional derivative of polyethylene glycol) or related 
! ' . polyrners having a formula of X-Poly a -0-CHR 5 (CH 2 ) n C02-Poiy b -X, where PoIy a 
and Poly b represent the same types of polymers repesented by Poly as described 
above, n is 0-6, and R 5 is H or alkyl, X is a reactive functional group. 
Substantially pure form of the heterobifunctional derivatives can be produced in 
high purity and high yield without having to resort to a chromatography 
purification step. 

In the method, a first polymer having a formula of 
Ar-C(R,)(R 2 )0-Poly b -U and a second polymer of Ar-C(R,)(R 2 )0-Poly a - 
CHR 5 (CH 2 ) n CO-V are provided where R, and R 2 are H. alkyl, or Ar where Ar is as 
defined above and is selected from the group consisting of phenyl, substituted 
; phenyl, biphenyl, substituted biphenyl, polycyclic aryls, substituted polycyclic 
aryls, and heterocylicaryls, and where U and V are moieties so selected that the 
i-first polymer can react with the second polymer to, form a polymer of 
^-6(11^ described * 

above, the first polymer and the second polymer can be made by forming, 
separately Poly b arid Poly a directly onto an arylmethyloxide ion Ar-C(R t )(R 2 )0*. to 
. produce .Ar-C(R I ^ of Ar-C(R,^ optionally, . ! 

subsequently modifying the terminal hydroxyl grpup to moieties U and V 
respectively, such that the two polymer can be linked in, e.g., an ester linkage. The 
linked polymer can then be modified by removing the Ar-C(R))(R 2 )0- moieties by 
catalytic hydrogenolysis or by acide-catalyzed hydrolysis; The resultant -OH 
groups can optionally be converted into other reactive functional groups. 
Examples of the reactive functional group X include, but are not limited to, -OH; 
CH 2 =CR 5 C0 2 - where R 5 is H or alkyl;. -0-(CH2) n -CH(ZR) 2 where R is H or alkyl, 
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Z is 0 or S and n is 1-6; NHS-0 2 CO- where NHS represents N-succiniroidyl. in a 
preferred embodiment, U is -OH and V is a halogen.grbup such as -CI. 

In yet another, aspect of th£ invention, a method is provided for * 
: preparing a bi functional derivative of polyethylene, glycol) or related polymers 
having a formula .of RjO-iPoly.-O-CHRsfCH^CQr-Polyb-Y, where Poly a , Poly b , n, 
' * ' ' R s 'are as defined above, arid R 8 is H or an alkyl group. Y is a reactive functional 
'- group. The method is free of a chromatography step. In the method, a first 
polymer of Ar-CCROCR^O-Polyb-U, is provided as described above. A second 
polymer of R 8 0-Poly a -CHR 5 (CH2) n CO-V, is also provided where R 8 is H or alkyl, 
or Ar where Ar is defined as above. The moieties U and V can be reacted with 
each other to form, e.g., an ester linkage such that the first polymer can be linked 
with the second polymer to form the polymer of 

R 8 0-Poly a -0-CHR 5 (CH 2 ) n C0 2 -Poly b -OC(R 1 )(R 2 >Ar. The Ar-C(R,)(R 2 )0- moiety 
can then be converted into a desirable functional group. Preferably, U is -OH, and 
V is a halogen group such as -CI. Y can be a functional group such as -OH; 
CH 2 =CR 5 CO r where R 5 is H or alkyl; and -0-(CH 2 ) n -CH(ZR) 2 where R is H or 
alkyl, Z is 0 or S and n is 1 -6; and -0-(CH2) n -C0 2 H where n is 1-6. 

In accordance with yet another aspect of the invention, a method is. 
^provided for making a polymer of R9O-P0IV-OH without contaminating the 
- ' • \ ^polymer, withthe reactivity of fiO-Pply-OH • Poly is as defined above, and R^ is an 
and alkyl or aryl group. Asdisclosed in the prior art, removing HO-Poly-OH such 
. as HO-PEG-OH from a preparaticm of PEG derivatives normally requires 
extensive and laborious purification steps using, e.g., chromatography. The 
method ofthe present invention obviates this requirement. In the method, . 
Ar-CR I R 2 0-Poly-pH is first synthesized by forming the polymer Poly onto the 
arylmethyloxide ion Ar-CR^O'. The Ar-CR,R 2 0-Poly-OH is then alkylated to 
convert the polymers to Ar-CR 1 R 2 -0-PEG-OR 9 . Any impurity of HO-Poly-OH is 
converted to R^O-PEG-ORo upon alkyiation. The next step is to convert the 
. Ar-CR,R 2 -0- moiety into -OH by acid-catalyzed hydrolysis or hydrogenolysis and 
forming a new mixture of R^-PEG-OH and R^-PEG-OR*. Since R^O-PEG-OR,* 
is inert in most chemical reactions, the mixture is chemically equivalent to pure 
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RoO-PEG-OH. Optionally, the RpO-PEG-OH can be further converted to 
PEG-CHO. ; 

The following examples are given to illustrate the invention, but 
should not be considered in limitation of the invention. 



' Example 1. 1 
~$ Example 2. 
Example 3. 
Example 4. 
Examples. 

Example 6. 

Example 7. 
Example 8. 
y Example 9. 

; " Example 10. 

.Example 11: 



. Synthesis of HO-PEG-NH^ CI; 
Synthesis of HO-PEG-OCH 2 C0 2 H 
Synthesis of CrH 3 >T-PEG-0-CH 2 C0 2 H 
Synthesis of CrH 3 N + -PEG-0-CH 2 CH 2 C0 2 H 
Synthesis of 

C 6 H 5 -CH-CH-CH=CH-C0 2 PEG-OCH 2 CH(OC 2 H 5 ) 2 

Synthesis ofNHS-0 2 CO-PEG-OCH 2 CO 2 -PEG-O-CO 2 NHS 
(NHS=N-succinimidyl) 

Synthesis of CH 2 -CH-CO 2 -PEG-OCH 2 CO 2 -PEG-0 2 C-CH=CH 2 
Synthesis of CH 3 0-PEG-O-CH 2 CH 2 CO r PEG-OH 
Synthesis of v.. . „i 

" Synthesis of 



. Hp-PEG-OH from a.nikture : of BzO-PEG : OH and 
HOPEG-OH 
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EXAMPLE 1 
PREPARATION OF HO-PEG-NH3 + Cf 

REACTIONS: 

BzO-PEG-OH + MsCl + <CH 3 CH 2 ) J N ~ BzO-PEG-OMs + (CH 3 CH 2 ) 3 NH*cr 

BzO-PEG-OMs + 2NH 3 >* BzO-PEG-NH 2 + NH/OMs" 

BzO-PEG-NH 2 + H 2 0 + HCJ *~ HO-PEG-NH,* Q" + BzOH 

a) Preparation of BzO-PEG-OMs: BzO-PEG-OH (MW=3400, 
34 g, 10 mmple) in 1 50 ml of toluene was azeotropically distilled for 2 hours under 
nitrogen and the solution was cooled to room temperature. To the solution was 
added 40 ml of dry methylene chloride and 2. 1 ml of dry triethylamine (15 
mmole). The solution was cooled in an ice bath and 1.2 ml of dry mesyl chloride 
(15 mrnole) was added dropwise. The solution was stirred at room temperature 
under nitrogen overnight and the reaction was quenched by adding 2 ml absolute 
ethanol. The mixture was evaporated under vacuum to remove solvents, primarily 
those other than toluene, filtered, concentrated again under vacuum, and then 
precipitated into 100 ml of ethyl ether. The product was collected by filtration and 
dried in vacuo . Yield 34 g (100%). ! H nmr (DMSO-d 6 ): 5 3.5 (br m, PEG), 4.3.1 

. .. Jt, OCH 2 C§$Ms} ? )^ 7 : 33.(stcc^mlex mult; v , 

/ : C 6 H 5 -CH r OPEG-). •". ' ./ : '., 

b) Preparation of BzO-PEG-NH 2 : BzQ-PEG-OMs (25 g, 7.35 
. mmole) was dissolved: in 500. xrd of aqueous ammonia solution containing 5 g of 
ammonium chloride and the solution was stirred at room temperature for 72 hours. 
The solution was then extracted three times with methylene chloride. The organic 
phase was dried over sodium sulfate, filtered, condensed imder vacuum, and the . 

. product precipitated with 1 00 ml of ethyl ether. The product was collected by 
filtration and dried vafU0 . Yield 23 g (92%). .'H nmr (DMSO-d 6 ): § 3.5 (br m, 
PEG), 2.9 (t, -CH 2 NH 2 ), 4.49 (s, C 6 H 5 -CH 2 -OPEG-), 7.33 (s+complex mult., 
C 6 H 5 -CH r OPEG-). 

c) Preparation of HO-PEG-NH 3 - CI*: A solution of 
BzO-PEG-NH 2 (46 g, 14 mmoles) in 200 ml of concentrated HC1 (12 M) was 
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stirred at room temperature for 44 h. It was then diluted to 1 200 ml with water and 
\ Natl was added to make a 1 5% solution. The aqueous solution was extracted ■ 

three times with methylene chloride and the. combined extracts were dried over 
v. sodium sulfate. The methylene chloride was concentrated under vacuum and the 
- product precipitated by the addition of ether. The product was.collected by 
. .. ...filtration and. dried undex.vacuum.at room temperature. .Yield: 42 g (95.%).. - H nmr 

-(DMSO-d 6 ): 5 2.96:(t, CH r N), 3.5 (br m, PEG), .4:6 (br, OH), 7.9 (br, NH3 4 ). 

EXAMPLE 2 
PREPARATION OF HO-PEG-OCH2CO2H 

REACTIONS: 

BzO-PEG-OH + (CH 3 ) 3 0"K + >• BzO-PEG-O" K + + (CH 3 ) 3 0H 

BzO-PEG-0"K + + Br-CH 2 C0 2 C(CH 3 ) — 
BzO-PEG-O- CH^COjQCHyj + KBr 

BzO-PEG-O- CH 2 C0 2 C(CH 3 ) 3 +^0^) 

— HO-PEG-O- CH 2 C0 2 H + BzOH + (CH 3 ) 3 OH 

. . a) ■ ; Preparation of Bz0-PEG-0€H 2 CO 2 : C(CH 3 )3: 

■"»'.. * 
■v^*^ mmc^w^ 

. ml;Xpluene under N 2 , Afiter two hours, the soiiftion was cooled to r6om 
r x v v: . i temperature.- Potassium tert-.butoxide (2:8 g, 23.5 mmole) dissolved in 90 xnl 

.;P-tert-biitariol.and '^irih^en^was ^ddie<|.-t^ei^ve-PEG- solution. ^e mixture- 
Was stirred for two hours. at rooih temperature.-. TeitVbutyl bromoacetate (4 ml* 26.3 
, .mmole) was added^ and'the solution was stirred to^r N 2 atTOom temperatu 
overnight. The solutibn'was filtered^ condensed under vacuum, and precipitated 
into" 300 ml of ether. The product was collected by filtration and dried under 
vacuum. -!H nmr (DMSO-d 6 ): 5 1,5 (s, fcBu), 3;5i(m, PEG), 3.98 (s, -OCH 2 G0 2 -), 
4.49 (s, C 6 H 5 CH 2 0-), 7.33 (s + comp. mult, C 6 H 5 CH 2 0-). 

b) Preparation of HO-PEG -OCH 2 C0 2 H: 
Bz0-PEG-6CH 2 C0 2 C(CH 3 )3 (10 g) was dissolved in 100 ml of hydrochloric acid 
(37%), and the solution was stirred at room temperature for 48 hours. The solution 
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was diluted with one liter of distilled water and the pH was adjusted to 2 withiN 
sodium hydroxide solution. The solution was then extracted three times with 
methylene chloride. The organic phase was dried over anhydrous sodium sulfate, 
filtered to remove salt, condensed under vacuum, and precipitated into ether. The 
product was collected by filtration and dried 

under vacuum.. Yield 8.5 g (85%). *H nmr (DMSO-d 6 ); 5 3.51 (brm, PEG), 4.01 
(s, -PEGOCH 2 COOH). 

EXAMPLE 3 

PREPARATION OF CI H3N+- PEG-0 -CH2CO2H 

HO-PEG-OCH 2 C0 2 H + CH 3 OH (H + ) >~ HO-PEG-0-CH 2 C0 2 CH 3 + H.0 

HO-PEG-0-CH 2 C0 2 CH 3 + MsCJ + (CHjCH^N 

>* MsO-PEG-0-CH 2 C0 2 CH 3 + (CH 3 CH 2 ) 3 NH + CI' 

MsO-PEG-0-CH 2 C0 2 CH 3 + NH 4 4 OH* ^ 

H 2 N-PEG-0-CH 2 C0 2 'NH 4 + + CH 3 OH 

HjN-PEG-O-CH^CO^NH/ + HC1 ► Gf H 3 N + -PEG 0-CH 2 C0 2 H 

a) Preparation of HO-PEG 3400 -OCH 2 CO 2 CH 3 
HO-PEG-OCH 2 C0 2 H (15 g) prepared as in Example 2 was dissolved in 75 ml of 
methanol. and 3~ml of concentrated H 2 S0 4 was added to the resulting solution." The 
. sbilitio& was stirred atTOoiiri temperature fori*;5'h arid 180 ml of : 5% 'a'queous • 
NaHCO.3 was carefully added. Sodium chloride (25 g) was then added and the pH 
of the resulting solution was adjusted to 7.0 witri 5% Na 2 HP0 4 . The solution was 
extracted with methylene chloride and the combined organic phases were 1 dried 
Over Na 2 S0 4 . The methylene chloride solution was then evaporated to 20 ml and 
the product precipitated with 300 ml of cold ethyl ether: The product was collected 
by filtration and dried under vacuum at room temperature to obtain 13.5 g of 
product which was shown to be 1 00% pure by GPC. 

b) Preparation of MsO-PEG-OCH 2 C0 2 CH 3 : 
HO-PEG3 400 -OCH 2 CO 2 CH3 (13.5 g) was dissolved in 400 ml of CHC1 3 and about 
200 ml of solvent was distilled. The residual solution was cooled to room 
temperature and triethylamine (0.72 ml) was added, followed by 0.38 ml of MsCl. 
The reaction mixture was stirred overnight under N 2 at room temperature, 2 ml of 
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ethanol was added, and the resulting mixture was stirred 1 5 minutes. After : 
evaporating the solvent under vacuum (55°C bath), 300 ml of cold ethyl ether was 
' added and the resulting "precipitate was collected by filtration and dried under 

vacuum at room temperature. The yield was.14 g and the J H nmr spectrum 
* indicated 100%-iriesylation; ' ■ ' ' ' " 

.\" c) ' Preparation, of HiN-PEQ^oo^Oj;^/: MsO 

w. rQCJJ 2 C0 2 CH3 (13 g) was dissolved in 70 ml of H 2 0 and the pH was adjusted to 
1 2/ After stirring for 1 .5 h while maintaining the pH at 1 2, 250 of NH 4 0H solution 
containing 5% NH 4 C1 was added. The reaction mixture was then stirred for about 
40 h NaCl was added to bring its concentration to about 8%. The resulting 
?: solution was extracted with CH 2 C1 2 and dried over Na 2 S0 4 . The CH 2 C1 2 phase 
was evaporated to about 20 ml and precipitated with about 300 ml of cold ethyl 
ether. The precipitated product was collected by filtration and dried under vacuum 
at room temperature. The yield was 12.5 g. The purity was 97% by 'H nmr and 
95%purebyGPC. 

d) Preparation of CI" H 3 N + -PEG 3 4oo-0-CH 2 C0 2 H: 
•H 2 N-PEG-C0 2 - NH 4 + ( g ) was dissolved on H 2 0 (50 ml) containing 1 5% NaCl. 
The pH was adjusted to 3.0 with 1 N HC1 and the resulting solution was extracted 
with CH 2 C1 2 . The CH 2 C1 2 extract was dried over Na 2 SQ 4 , evaporated to about 20 
ml and the product precipitated with about 300 ml of ethyl ether and dried under 

.-r^r ■;>■ :-vw, v,; .•»■. : ; ^ , - 

. ; ; • ^aeuiyn atfljom teMfee^tiffe. . Ttit pfiniy, was p%by^$mj,m . 
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EXAMPLE 4 

PREPARATION OF Cl" H3N + - PEG-0 -CH2CH2CO2H 
BzO-PEG OH + CH^CH-CN BzO-PEG-Q-CH 2 CH^CN 

BzO-PEG-O-CHjCH^N + H.O/H* * HO-PEG-0-CH 2 CH 2 CONH 2 

HO-PEG-0-CH 2 CH 2 CONH, + KOH/H 2 0 HO-PEG-O-C^CI^CO^H 

HO-PEG-0-CH 2 CH 2 C0 2 H * *CH 3 OH/H + - — ^ HO-PEG-0-CH 2 CH 2 C0 2 CH 3 

HO-PEG-0-CH 2 CH 2 C0 2 CH 3 +MsCl + (CH 3 CH 2 ) 3 N >* 

>■ Msd-PEG-0-CH 2 CH 2 C0 2 CH 3 + (CH 3 CH 2 ) 3 NH + CI 

MsO-PEG-O-CHjCHjCOjCHj + NaOH/HjO >- 

MsO-PEG-0-CH 2 CH 2 C0 2 *Na + ^ 

MsO-PEG-0-CH 2 CH 2 C0 2 Na + NH 4 OH H^4>EG-0-CH 2 CH a C0 2 "NH 4 * 

HjN-PEG-0-CH 2 CH 2 C0 2 'NH/+ HCI ► Cl" ♦H,N-PEG-0-CH J CH 2 C0 2 H 

a) Preparation of HO-PEG 34 oo-0-CH 2 CH 2 C0 2 H 
BzO-PEG-OH (100 g) was dissolved in 100 ml of H 2 0, 5 ml of 40% aqueous 
KOH was added to the resulting solution and the mixture stirred for 1 h. The 
solution was then cooled to 0°C and 50 ml of acrylonitrile was added under argon. 
After stirring 3 h, 1 1 of 20% NaCl in H 2 0.was added and the pH adjusted to 7.0 

. withl0%NaH 2 PO 4 . The solution was then extracted with CH 2 Cl 2i and the extract 
dried over Nab§0 4 . Ajter evaporating the ; solvent under vacuum^he residue was , 
- . • . . - • dissol ved in 500 mFbf concentrated UGi' and stirred at' room temperature for 60 h. 

The solution was then added to a solution of 240 g of. NaOH in 1.2 1 of H 2 0,NaCl 
was added to make-an 8°/c Isolation, and the pH was adjusted to 7.O.. The solution / 
was extracted with CH 2 C1 2 and the extract was dried over Na 2 S0 4 and evaporated 
to dryness under vacuum. The residue was stirred 20 h in 1 .5 I of 8% KOH, then 
1 80 ml of concentrated HC1 and NaGl (8%) was added. The pH was adjusted to 
. 3 .0 and the product extracted with methylene chloride. The extract was dried over 
Na 2 S0 4 ; evaporated, and the product precipitated with ethyl ether. The product 
was collected by filtration and dried under vacuum to obtain 90 g containing 91 % 
of HO-PEG-0-CH 2 CH 2 C0 2 H by GPC. 

b) Preparation of Cl* + H 3 N-PEG-0-CH 2 CH 2 C0 2 H: 
HO-PEG-0-CH 2 CH 2 C0 2 H was converted to Cl' 
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+ H 3 N-PEG-0-CH 2 CH 2 C6 2 H by the same procedure, as described for conversion of : 
. HO-PEG-OCH 2 CQ 2 H to '. 

Cl\H 3 N%PEG M oo-Q-CH 2 C0 2 HinExamp^ v ; • ; 

TV . EXAMPLES 

PREPARATION OF C6H5-eH=GH-CH=GH-G02P*G-OCH2CH(OC2H5)2 

p:- ' REACTIQNS: . , ' ' • " ' ; ' ■> * - 

' ^ BzO-PEG-OH + CICH 2 CH(OC2H a )^.+ NaOH — — ^ BzO-PEG-OCH 2 CT(OC 2 H 5 ) 2 + 

NaCl 7 

BzO-PEG-OCH 2 CH(OC 2 H $ ) 2 + H 2 (Pd,C) >" 

>- BzH+HO-PEG-OCHjCHCOCjHJj 

HO-PEG-OCHjCHCOC^HJj + C 6 H 3 -CH==CH-CH=CH-C0C1 + (CH 3 CH 2 ) 3 N ' 
>- C 6 H J -CH=CH-CH=CH-CO r PEG-OCH 2 CH(OC 1 H J ) 2 + (CH,CH 2 ) 3 NH + Cr 

a) Preparation of BzO-PEG-0-CH 2 CH(OC 2 H 5 ) 2 : In a 
3-necked, 500 ml round-bottom flask were placed 300 ml of dioxane and 1 4 g of 

: BzO-PEG-OH (MW=3400, 0,0040 moles). The resulting solution was then 
■ azeotrdpically dried by distillation under N 2 of 130 ml of solvent. After cooling 
^ , the solution, finely powdered NaOH (0.8 g, 0.02 moles) and C1CH 2 CH(0C 2 H 5 ) 2 (3 

ml, .0.02 moles)jwere added under^ 2 and . W . 

.^stirjed^^ 

- . - T^' *. by distiliatioh'axid the rapidry sti^e3 solution was refllixed under for an \\ 
- additional 24 h. The suspension was then cpolecl and.filtered with the addition of 
Celite* The filtrate t ,was evaporated wndeFVacuiun- and 200 mfof ethyl ether was L: '.-§ 
added to the residua! oil. The resulting precipitate was collected by filtration and 
dried under vacu^ 

powder was dissolved in CH 2 C1 2 (35 ml) and reprecipitated by the addition of 500 
ml of cold ethyl ether. The precipitate was collected by filtration and dried under 
vacuum at room temperature to obtain 13,0 g of Bzp-PEG-OCH 2 CH(OC 2 H 5 )2 as a 
white powder (purity 94-98% by 'H nmr). l B nmr (DMSO*l 6 ): 5 1.1 1 (t, 
OGH 2 CH 3 ); 3.5 1 (br m, 0-CH 2 CH 2 -0), 4.48 ( s, C^-CH^-); 4.55 (t, 
,-CH(OC 2 H 5 ) 2 ),7.32(s > C 6 H 5 -) " . / 

b) Preparation of HO-PEG-0 CH 2 CH(OC 2 H 5 ) 2 : 
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BzO-PEG-OCH 2 CH(OC 2 H 5 ) 2 (1 3 g) was dissolved in 150 ml of 95% ethanol and 

• 6.5 g of 1 0% Pd on charcoal was added under N 2 . The suspension was shaken 70 
h under H 2 (40 psi) and the suspension Filtered. The residual catalyst was washed 
with 2x25 nifof boiling chloroform and the washings combined with the ethanol 
filtrate and evaporated under vacuum to obtain a clear, colorless oil. To the oil was 
added 400 ml of cold ethyl ether and the resulting precipitate collected by filtration 
to obtain, after vacuum drying at room temperature,. 1.1 3 g of 
HO~PEG-OCH 2 CH(OC 2 H 5 ) 2 as a white powder (92% pure by 1 H nmr). 1 H nmr 
(DMSO-d 6 ): 5 1.10, (t, OCH 2 CH 3 ), 3.51( br m, 0-CH 2 CH 2 -0), 4.55, (m, HO + 
-CH(OCH 2 CH 3 ) 2 ) 

c) Preparation of 
C 6 H 5 -CH=CH-CH=CH-C0 2 PEG-OCH 2 CH(Oc2H 5 ) 2 : A solution of 
cirmamylideneacetic acid (1 .7 g, 0.01 moles) and thionyl chloride (3 ml, 0.04 
moles) in 50ml of hexane were refluxed under N 2 for 4 h, then filtered to remove a 
small amount of dark solid and the filtrate evaporated under vacuum. The residue 
was dried under vacuum overnight at room temperature to obtain 1 .5 g of 

• cinnamylideneacetyl chloride as a yellow solid, m,p. 51-52°C.) 

A solution of HO-PEG-0 CH 2 CH(OC 2 H5)2 (3 .4 g, mmole) in 
toluene (50 ml) was azeotropically distilled under nitrogen for 2 h to remove traces 

: .'> ' of water, then cooled to room temperature. Triethy lamine was distilled from KQH . 

•."v^%'.:y., r -. -fr v : : ■:/*■; \ \\~ ../.-■ ^^-4 ' * v ': •■ ■ ■■• v -" ■- 

; : -\ V- •? . ; " under nitrogen arid 0,28 ml --{Zhimoies^of the fresh distillate waHnjected under , . 

; . nitrogen into the solution of HO-PEG-0 CH 2 CH(OC 2 H 5 ) 2 in. toluene. To the 

resulting solution was added cirmarnylidene acetyl chloride 

/ ■■' (C^CHKJH-CH-CHCOCl) dinopw 

rapid stirring. Stirring was allowed to continue for three days under the same 

' conditions and the white precipitate was removed by filtration. The filtrate was 

evaporated to 20 ml under vacuum and 300 ml of cold ether was added. The pale 

yellow precipitate was collected by filtration and dried under vacuum to obtain 3 .4 

g of pale yellow powder. The powder was dissolved in methylene chloride and 

extracted once with 50 ml of aqueous saturated sodium chloride and once with 

water. The organic phase was dried over sodium sulfate, evaporated to 25 ml, and 

300 ml of cold ether was added with swirling. The resulting precipitate was 
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collected by filtration and dried under vacuum at room temperature to obtain 3.05 
' r g(86%)ofC 6 H 5 -CH=^ 

; powder. *H nmr (DMSO-d 6 ): § 'i . 1 1 ppm (t, CH 3 CHfi-, 3.5 1 ppm (m, 
V;: " "[ \ PEG-O-CH^-O t CH 3 CH 2 0-); 4.20ppm ({-CU 2 6 2 C-), 4.52ppnr(t; ' ' 
' ; .■ :CH(OC 2 H5j2) 6.11 *(d>CJi, 7.57-7:12 (comp.;rnult;, C^ 5 - + =CH) Purity by 
wrv: : $9 : %% '." . V.' . * / . , - V"-.' 
.\^\s . ; ... ;V ; ; EXAMPLE 6 , 

PREPARATION OF NHS-O2CO-PEG-OCH.2CO2-PEG-O-CO2NHS 
(NHS=NsuccinimidyI) 

REACTIONS: 

BzO-PEG-O CH 2 C0 2 C(CH3) 3 + NaOH BzO-PEG-0-CH 2 C0 2 Na + 

(CH 3 ) 3 OH 

BzO-PEG-O-CH.COjNa + HCI ^ BzO-PEG-0-CH 2 C0 2 H + NaCl 

BzOPEG-OCHjCOjH + SOCi 2 *■ BzO-PEG-OCH 2 COCr+ S0 2 + HCi 



BzO-PEG-OCH 2 COCl + BzO-PEG-OH + (CHjCH^N 
BzO-PEG-OCH^OjPEGOBz + (CH 3 CH 2 ),NH + Cr 



BzO-PEG-OCHCOjPEGOBz + H 2 (Pd,C) — 
>- HO-PEG-OCH 2 CO J PEGOH + 2BzH 

HO-PEG-OCH 2 C0 2 PEGOH + NHS-0CO 2 -NHS + pyridine' 
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■". " a)' Preparation of BzO-PEG-OCH 2 C0 2 H: 

: BzO-PEG-OGH 2 C0 2 C(CH 3 )3 (20 g) was dissolved in distilled 

water and the pH adjusted to 1 2.0 with IN NaOH solution. The solution was kept 
. , atpH 12 ,0 for two hours by continuous addition of NaOH solution and the solution 
was stirred overnight. The pH of the solution was adjusted to 2.5 by addition of IN 
HC1 solution and the solutipn was extracted three times with methylene chloride: 
The combined organic methylene chloride phases were dried over anhydrous 
sodium sulfate, filtered, and the filtrate condensed under vacuum before 
precipitating the product with ethyl ether. The product was collected by filtration 
and dried under vacuum at room temperature. Yield 18 g (90%). 'H nmr 
(DMSO-d 6 ): 5 3.5 (br m, PEG), 4.01 (s, -PEGOCH 2 COOH), 4.49 (s, 
C 6 H r CH r OPEG-), 7.33 (s+com, C 6 H 5 -CH 2 -OPEG-). 

*b) Preparation of BzO-PEG-OCH 2 C0 2 -PEG-OBz: In a 100 ml 
round-bottom flask, BzO-PEG-OCH 2 C0 2 H (MW=3400, 3.4 g, Immol) in toluene 
was dried by azeotropic distillation. A solution of thionyl chloride (2M, 4 ml, 8 
: * mmole) in methylene chloride was injected and the mixture was stirred under N 2 
overnight. The solvent was condensed by rotary evaporation and the syrup was 
dried /„ va cuo f° r a ^ out f our ^ ours ovtr ? 2 0 5 powder To the residue was added 5 . 
,T * ml of anhydrous methylene chloride and azeotropically dried BzO-PEG-OH ; ^ 

BzO-PEG-OCH 2 COCl was dissolved/freshly distilled triethylamine (0.6 ml) was - 
added and the mixture was stirred overnight. The triethylamine salt was removed 
by filtration and the product collected by precipitation with ethyl ether. It was 
further purified by dissolving in water and extracting with methylene chloride. Gel 
■ T > : permeation chromatography 6f thfc productshowed that 100% of BzO-PEG-OH 
had been converted to the ester. The mixture was then chromatographed on an 
ion-exchange column (DEAE sepharose fast flow, Pharmacia) to remove the 
BzO-PEG-OCH 2 C0 2 H and pure BzO-PEG-OCH 2 C0 2 -PEG-OBz was obtained. 
Yield: 4.1 gram (80%). 'H nmr (DMSO-d 6 ): 5 3.5 (br m, PEG), 4.14 (s, 
-PEGOCH 2 COOPEG-)> 4.18 (t, -PEGO-CH 2 COOCH 2 CH 2 GPEG-), ), 4.48 ( s, 
Ar-CH 2 0)7.32(s,C^i 5 -) 
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c) ' Prep^ationofHO-P^^ 
> ' Bz6-PEG-OCH 2 CO r PE^^ 

' nil) was hydrogenolyzed with H 2 (2 atm) and 1 gram Pd/C (10%) overnight. The 
' X catalyst was renftbved by filtratio 

after most of the solvent w&s removed on a' rot^ evaporator. Pure 
/■jr HO-PEG-OtfH^CO^PEG was collected by ^filtration anji dried under vacuum 
3 r : '/at room teinperajtureto : >deld:;1.5 1(75%) of HO-PeGTpCH^e^PEG-OH 'H , 
J .. nmr (DMSO-d 6 )i 5 3.5 (br m, PEG), 4. 1 4 (s, ; -PEGOCH 2 COOPEG-), 4. 1 8 (t, 
y -PEGO-CH 2 COOCH 2 CH 2 OPEG-). 

d) Preparation of 

? NHS-0 2 CO-PEG-OCH 2 C0 2 -PEG-0-C0 2 NHS: HO-PEG-OCH 2 C0 2 -PEG-OH (2 
g, 0.29 mmole) was azeotropically distilled with 1 00 ml acetpnitrile and then 
slowly cooled to room temperature. To the resulting solution were added 
• disuccinimidyl carbonate (621 mg, 1.17 mmole) and pyridine (0.3 ml), and the 
solution was stirred at room temperature overnight. The solvent was then removed 
under vacuum and 35 ml of dry methylene chloride was added to the residue. The ■ 
insoluble solid was removed by filtration and the filtrate was washed with pH 4.5 
sodium chloride saturated acetate buffer. The organic phase was dried over 
anjiydrous sodium sulfate, and the solvent removed under vacuum. Ethyl ether 




V .pEGOCH 2 COOPEG-), 4.18 (t, -PEGOCH z COOCH 2 CH 2 OPEG-), 445 (t, 



, . EXAMPLE 7 , . 
PREPAjRATiON OF CH2=CH-C02.PEG^0CH2C02-PEG-O2CreH-CH2 



HO-PEG-OCH 2 C0 2 PEGOH + CH 2 =CH-COCl + (CH,CH 2 ),N — - — - 
tH 2 =crf<:6rPEG-6cH^ CH 3 CH 2 ),NH*C1 



Preparation of CH 2 =CH-CO 2 -PEG-0CH 2 CO 2 -PEG-O 2 C-CH=CH 2 
REACTIONS: 
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HO-PEG-OCH 2 C0 2 -PEG-OH (M. W -6800, 1 .5 g, 0.44 mmole end 
group) was azeotropically dried with 100 ml of toluene for two hours. The 
solution was cooled to. room temperature under N 2 and 25 rnl of methylene . - 
chloride and triethylamine^TEA, 0.56 mmole) was added. The solution was 
cooled in an ice bath and acryloyl chloride (1 .5 mmole) in CH 2 C1 2 was added 
. dropwise to the solution. After addition of.acryloy 1 chloride, the ice bath was 

; 4 removed and the solution was stirred at room temperature overnight. One ml of . . 

ethanol was added to consume excess acryloyl chloride and the methylene chloride, 
was then condensed under vacuum. The salt was removed by filtration, and the 
remaining solution precipitated into 100 ml of ether. The product was collected by 
filtration and dried i n vacuo- Th e product was dissolved in 50 ml of chloroform 
and sodium carbonate (1 .3 g) was added. The mixture was stirred vigorously at 
room temperature overnight. The salt was removed by filtration and the solvent 
was removed under vacuum. The residue was dissolved in 5 ml of methylene 
chloride and the solution added to 100 ml of ethyl ether. The resulting precipitate 
was collected by filtration and washed with 20 ml of 2 propanol and then with 40 
ml of ether. The product was finally dried \ n vacu0 . Yield: 1.35 g (90%). 'H nrrir 
(DMSO-d 6 ): 5 3. dissolved in 5 ml methylene chloride and then precipitated into 
1 00 ml of ethyl ether,. The product was collected by filtration, washed with 20 ml 
. • : .... of 2-propanoLand %^40 ml etier. -5 (br m, PEG), 4.14, (t, , t . V \ 

■ ' = : -PfiGOCH 2 COOPEG^), 4.18 (t;-PEGOCH 2 COOCH 2 ^ 

CH^CH-COO-CHjCHrO-PEG-, 4H), 5.85-6.45(m, CH 2 =CHCOOPEG-). 



EXAMPLE 8 

PARATION Q£ ( 

REACTIONS: 



PREPARATION OF CH3O-PEG-O-CH2CH2CO2-PEG-OH 
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G^O-PEG-OGHjCHjCOjH + SOCI 2 1 > - • 
:. : > CHjp-PEG ? OCI^GmCG)Cl +,S0 2 +HG1 , 



CHjO-PEG-OCHjCHjCOCl + BzO-PEGrOH + (CHjCHJjN . — — > 
— CfljO^EG^OCHjCHjCOjPEG-O-Bz + CCHjC^jNH^Cr 

CHjQ-PEjg-OCHjCHjCQjPEG-p;^ + H 2 (Pd.C) , .. >» <, . 
~ ** CH3aPEG-OCH,CH 2 G0 2 PEGOH 




a) Preparation of CH 3 0-PEG-OCH 2 CH 2 C0 2 -PEG-OBz: In a 
1 00 ml round-bottom flask, a solution of CH 3 0-PEG-OCH 2 CH 2 C0 2 H (MW=2000, 
2 g, lmmole) was dissolved in toluene and azeotropically dried for two hours. After 
slowly cooling to room temperature, the solution was added to thionyl chloride (3 
ml, 6 mmole) in methylene chloride and then stirred under N 2 overnight. The 
solvent was then removed by rotary evaporation and the residual syrup was dried 
in vacuo for aD0U t four hours over P 2 0 5 powder; To the solid was added 5 ml of 
anhydrous methylene chloride and a solution (20ml) of azeotropically dried; 
PzPtPEGtPH^ To/the resulting ,. 

- stirred overnight The-triethylainine salt was removed by filtration and the crude 
• : . : pm^uQt was:pr^ Themixture< 
rv^:^^^.p™-fied.hy ion*exchan^^^ 

. column, Pharmacia); Pure CH30-PEG-OCH2GH 2 C0 2 -PEG-OBz was obtained. 

:"' CH3OPEG-), 4:4&(s;-PEGQeH 2 C 6 H 5 ), 7.33 + corrip. mult, -PEGOCH 2 C 6 H 5 ), 
2.55 (t -OCH 2 GH 2 GO ? PEG-) 5 4:13 (t -PEG r C0 2 CH 2 CH 2 0-PEG) 

b) > , Preparation of CH3G-P£G-0CH 2 CH 2 CO 2 -PEG-dH 
A:solutionof2gofCH30-PEG-OCH 2 CH 2 CO r PEG-OBzin 1,4-dioxane was 
hydrogenolyzed with H 2 (2 atm) oh 1 gram Pd/C (10%) overnight. The catalyst 

. . was removed by filtration, the solvent was condensed under vacuum and the 
solution was added to ethyl ether. The product was collected by filtration and 
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dried under vacuum at room temperature to yield: 1 .5 g (75%) of 
CH 3 0-PEG-OCH 2 CH 2 C0 2 -PEG-OH,. 'H.nrnr (DMSO-d 6 ): § 3.5 (br. mult. 
PEG),3.24 (s, CHjOPEG-), 2.55 (t, OCH 2 CH 2 C0 2 PEG-), 4.1 3 (t, 
-PEG-C0 2 CH 2 CH 2 0-PEG) 

EXAMPLE 9 

PREPARATldN OF NHS-02GCH2CH2COO-PEG-OGH2CH2CH(OOH5)2 

. REACTIONS; .,. 

BzO-PEG-OH + MsCl + (H 5 C 2 )3N — BzO-PEG-OMs + (H 5 C 2 ) 3 N + Cr 

BzO-PEG-OMs + NaH + HOCHzCHzCHCOC^ >* 

BzO-PEG-OCH 2 CH 2 CH(OG 2 H 3 )2 

BzO-PEGrOCH 2 CH 2 CH(OC 2 H 5 ) 2 + H 2 (Pd,C) >- 



>■ BzH + HO-PEG-OCH 2 CH 2 CH(OG 2 H s ) 2 

HO-PEG-OCH 2 CH 2 CH(OC 2 H 5 ) 2 + succinic anhydride + pyridine 
— r->- HOzCCHzCHzCOz-PEG-OCH^CHCOCjHs^ 

HOzCCHjCH^Oz-PEG-OCHzCH^OQHj)! + DCC + NHS 
— — *-NHS-0 2 CCH 2 CH 2 C0 2 -PEG-OCH 2 CH 2 CH(OC 2 H 5 ) 2 




25 g, 7.35 mm6l) in 150 ml of toluene was azeotropically distilled for 1 hour under 
nitrogen and the solution was cooled to room temperature. ■ To the solution was 
" added 20 ml of dry methylene bH^ 
and 0.61 ml of dry mesyl chloride (7.86 mmol) dropwise. The solution was stirred 
at room teniperature under mtrogen overnight and ^ 
adding 5 ml absolute ethanol. The mixture was concentrated under vacuum, 
filtered, concentrated again under vacuum and precipitated into ethyl ether. The 
product was collected by filtration and dried /„ vacu o- Yield 23 g (100%). 'H nmr 
(DMSO-d^: 5 3.5 (br m, PEG), 4.31 (t, OCH 2 CH 2 OMs), 4.49 (s, 
C 6 H 5 -CH 2 -0-PEG-), 7.33 (s + comp m., C^CH 2 -OPEG-). 

b) Preparation of BzO-PEG-OCH 2 CH 2 CH(OC 2 H 5 ) 2 : 
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/ :m A solution of 3 ,3-diethoxypropanol (9.806 g, 66,2 mmol} was azeotropically 
distilled in 90 mj of toluene for 1 hour under nitrogen. 1 After cooling to room 
.temperature the solu^ 
, ^mineral oil, 2.75 g, 68.7 mmol) in -50 ml of anhydroiis -toluene/ The solution was 
; mixed.for 2.h under mild Watm^ 

• - ' . v - . t toanazeoUopicaii-y distilled solution of BzOPEG-OM^(23 g,6.76mmol)in 150 . ■ '■. 
;; ml toluene. Xhe. mixture was stirred ;for 20Tiours at .125 °C under a nitrogen 

■ V> atmpsphere., Jhe mixture was concentrated under vacuum and the residue was ^ . . 

- dissolved in 80 mi of methylene chloride. The solution was filtered and the . - 
product was precipitated with 1 liter of cold isopropyl alcohol. The product was 
: collected by filtration and dried \ n vacuo . The powder was dissolved in 1 00 ml of 
deionized water and extracted three times with 200 ml methylene chloride. The 
mixture was concentrated under vacuum, filtered and precipitated into ethyl ether. 
The product was collected by filtration and dried /„ vacuo . Yield 1 9 g (100%). *H 

nmr (DMSO-d 6 ): 5 1.10 (t, -CH(OCH 2 CH 3 ) 2r 1 .73 (q, -OCH 2 CH 2 -CH), 3.5 (br m, 
; PEG), .4.49 (s,C 6 H 5 -CH 2 -OPEG-), 4.56 (m, -GH(OCH 2 CH 3 ) 2 ), 7.33 (s + compm, . 
" : - C 6 H 5 -CH 2 -0-PEG-). ... : 1 ,. 

• ;i . ; . \ . . . . . c) Preparation of Hq-PEG-OCH 2 CH 2 CH(OC 2 H5) 2 : ; . . , ) 

i^^^ i-.^ . A . . 

: r residual catalyst ^ , 

. PEG), 4.55 (m,-CH(OCH 2 CH 3 ) 2 ). 
.. d). . .Preparation of . . 
H0 2 CCH 2 CH 2 C0 2 -PEG-OCH 2 CH 2 CH(OCH 2 CH 3 ) 2 : 
; HO-PEG-OCH 2 CH 2 CH(OC 2 H 5 ) 2 (3g ) 0.88mmol>andBHT(5mg)were 
• dissolved in 20 ml of anhydrous toluene and azeotropically distilled at 120°C for 1 
hpur under nitrogen, ^fter cooling the solution to 75pC, pyridine (0.36 ml) and ^ 
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succinic anhydride (0.353 g) were added and stirred at 75,°C for 24 hours. The 
solution was concentrated under vacuum, filtered and precipitated into cold ethyl 
ether. The precipitate was recovered by filtration and dried //z vacw£> . The powder 
was reconstituted in 50 ml deionized water and 1 M sodium hydroxide was added 
dropwise to maintain a constant ,pH of 7.2 for 1 hour. IN HC1 was quickly added 
dropwise to obtain a pH of 3 .0 and ^immediately extracted 3 times into 1 00 ml 
methylene chloride. The product in the organic phase was dried over sodium 
sulfate, concentrated under vacuum,. precipitated into cold ethyl ether, recovered by 
filtration and dried in vacuo . Yield. 2.0 g (88%). 'H nmr (DMSO-d 6 ): 5 1 .1 0 (t, - 
CH(OCH 2 CH 3 ) 2 , 1.72 (q, -OCH 2 CH r CH), 3.5 (br m, PEG), 4.12 (t, -C0 2 CH 2 - ), 
4.55 (t, -CH(OCH 2 CH 3 ) 2 ). 

e) Preparation of 
. NHS-0 2 CCH 2 CH 2 C0 2 -PEG-OCH 2 CH 2 CH(OCH 2 CH 3 )2: 
H0 2 CCH 2 CH 2 C0 2 -PEG-OCH 2 CH 2 CH(OCH 2 CH 3 ) 2 (2.0 g, 0.56 mmol) was 
dissolved in 20 ml anhydrous methylene chloride under a nitrogen atmosphere. 
N-hydroxysuccinimide (1 05 mg, 0.91 mmol) was first added to the solution and 
then dicyclohexylcarbodiimide (1 74 mg, 0.84 mmol) was added. The. solution was 
stirred overnight at room temperature under nitrogen, atmosphere. The.product was 
v .concentrated under vacuum, filtered, precipitated into cold ethyl ether, recovered 

-eH(OCii 2 CH 3 ) 2 ri .72 (q, -OCH 2 CH r CH), 2.80 (s, HHS), 3.5 (brm, PEG), 4^2 
(t, -C0 2 CH 2 -), 4.55 (t, -CH(OCH 2 C.H 3 ) 2 ). 
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PREPARATION OF 





BzO-PEG-OCH 2 COCl + S0 2 : + HC1 



; BzO-PEG-OCH 2 COC) +HOCH(CH 3 )CH 2 C0 2 H - ■■ > ■ - v 

. - — >■ BzO-peg-cx:h 2 co 2 ch(c!H3)ch 2 co 2 h + hci ; . 

;&zO-PEG-OCH 2 C0 2 CH(CH 3 )GH 2 C0 2 H + H 2 (Pd/C) — 

>- HO-PEG-OCH 2 C0 2 CH(CH,)CH 2 C0 2 H + BzH 

{ HO-PEG-OCH 2 C0 2 CH(CH^)CH 2 C0 2 H + CH 2 =CHCOCi + 2(CH 3 CH 2 ) 3 N >■ 

* CH 2 =CHC0 2 - PEG-OCH 2 C0 2 CH(CH 3 )CH 2 C0 2 " + 2(CH 3 CH 2 ) 3 NH + +C1' 

CH 2 =CHC0 2 -PEG-OCH 2 C0 2 CH(CH 3 )CH 2 C0 2 * (CH 3 CH 2 ) 3 NH + + (HOAc/NaOAc) 
> CH^CHC0 2 -PEG-OCH 2 C0 2 CH(CH 3 )CH 2 CO J H + (CH 3 CH 2 ) 3 N 

CH 2 =CHC0 2 -PEG-OCH 2 C0 2 CH(CH 3 )CH 2 C0 2 H + NHS + DCC 

*- CH 2 =CHC0 2 -PEG-OCH 2 C0 2 CH(CH 3 )CH 2 CONHS 




•0. ' 
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a) . preparation of BzQ-PEG-OCHjCOj-CHfCH^CHj^H: 
BzO-PEG-OCH 2 C0 2 H (MW=3400, 1 5 g, 4.4 mmole) was azeotropically dried 
with 60 ml of toluene under N 2 - After two hours, the solution was slowly cooled to 
. room temperature. To this solution was added thionylchloride (18 ml, 36 mmole). 
" TKe resulting solution was stirred overnight, the solvent condensed by rotary 
. evaporation, and the syrup dried \ n vaC uo f° r a bout four hours over P 2 0 5 powder. 
3-hydroxybutyfic acid (1,45. g/13,5 mmole) was azeotropically dried with 70 ml of 
1,4-dioxane, and then added to the dried BzO-PEG-OCH 2 COCL After the PEG 
. acyl chloride had dissolved, 4.5 ml of dry triethylamine was injected: into the 

system and the solution was stirred overnight. The salt was removed by filtration 
and the filtrate was condensed on a rotary evaporator at 55 °C and dried ) n vacu0 . 
The crude product was then dissolved in 1 00 ml of distilled water and the pH of 
the solution was adjusted to 3,0. The aqueous phase was extracted three times with 
a total of 80 ml of methylene chloride. The organic phase was dried over sodium 
sulfate, filtered, condensed on a rotary evaporator, and precipitated into 1 00 ml of 
ethyl ether. The product was collected by filtration and dried / n vacuo at roc>m 
. : temperature. Yield 1 4 g (93%). ] E nmr (DMSO-d 6 ): 8 3.5 (br m, PEG), 2.58 (d, 

-PEGCOOCH(CH 3 )CH 2 COQH), 5.14 (h,-PEG-COOCH(CH 3 )CH 2 COOH), 1.21 

' - - (d,-PEGCOOCH(CH 3 )CH 2 COOH), 4.055 (s,PEGOCH 2 COO), 4.49 A, ■ , 

.-. -•-.;>••>?• - •• . ••• • r >.-:.-.-v: ,-• -«?^^ .v.->-^;.-*-. ••• ■ ■>■•■■• 

• • • : - v ; • - b) * Preparation of HO-PEG-OCH 2 C0 2 -CH(GH3)eH 2 C0 2 H: A 

solution of BzO-PEG-OCH 2 C0 2 - OCH(CH 3 )CH 2 C0 2 H (8 g) in benzene.(50 ml) 
washydrogenolyzed yyith H 2 (2atm)bn4 gram Pd/C( 10%) at room temperature 
fcfr 48 hours. Ttit catalyst-was removed by/fUrration, the solvent was condensed, 
...... .and the solution was predpitated into ethyl tfher* The product was collected by 

■ • ^ . 

(DMSO-d 6 ): 5 3.5 (br m, PEG), 2.51 (d, -PEGC0 2 eH(CH 3 )CH 2 C0 2 H), 5.16 (h, 
-PEG-C0 2 CH(CH 3 )CH 2 C0 2 H), 1.22 (ds PEG : C0 2 CH(CH 3 )CH 2 C0 2 H), 4.06 (s, 
-PEG0CHCO 2 CH(CH 3 ) : 

c) Preparation of 
CH 2 =CHC0 2 -PEG-GCH 2 C0 2 -CH(GH 3 )CH 2 C0 2 H: 
HO-PEG-OCH 2 C0 2 CH(CH 3 )CH 2 C0 2 H (3g, 0.88 mmole) was azeotropically 
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distilled with 40 ml of toluene under N 2 until approximately 15 ml of solution 
remained. The solution was then cooled to room" temperature under N 2 and 25 ml 
• „ of methylene "chloride and triethylamine (1.5 mrnble) were added. The solution 
V ^ ■ was cooled in an ice bath and aciryloyl chloride (2 mmole) were added dropwise. 
, w :•. . , ; - Afijgr addiiidn of acrytoyl chloride, the ice bath was removed and the solution was 

stirred at room temperature oyemght. llie methylene cW^ 
' : • '■V'n^ ' ! " "removed under Wcuu^; th^ 

100ml of ether. The precipitated product was collected by filtration and dried i n 
vacuo- Th e product was then dissolved in sodium acetate buffer (0. 1 M, pH 5.5), 
stirred for half an hour, and extracted three times with methylene chloride. The 
1 organic phase was dried over sodium sulfate, filtered, condensed, and precipitated 
in 1 00 ml of ethyl ether. The precipitate was collected by filtration and dried j n 
vacuo at room temperature. Yield 2.4 g,(80%). f H nmr (DMSO-d 6 ): § 3.5 (br m, 
PEG),2.51 (d,CH 2 C0 2 H),5.16(h,-CH(CH 3 -), 1.22 (d, -CH(CH 3 )-), 4.06 (s, 
-PEGOCH 2 C0 2 PEG-), 4.21 (t, -C0 2 CH 2 CH 2 G-), 5.85-6.45 (m, CH 2 =CH-) 

d) Preparation of 
CH 2 =CHC0 2 -PEG-OCH 2 CO r CH(CH 3 )CH 2 C0 2 NHS:. 
] ; : CH 2 =CH-C0 2 -PEG-OCH 2 C0 2 CH(CH 3 )CH 2 C0 2 H (1.4 g, approx. 0.4 mmole) and 
c "\ . N-hydroxysuccinimide (51 mg, 0^43 mpiole) was dissolved in 30 ml of dry . 

f - ' i O- ' ^•-•0^.. -t^ ^eAyicnQ cWpride> f o;tbis splutio^ mg,^J 



♦dry n 

nitrogen overnight and the solvent removed by rotary evaporation. The resulting 
- syrup was dissolved in lO ml of dry toluene and the insoluble solid was removed 
. . by filtratioii. The filtrate was added to 100 ml of dry ethyl ether and the 



. .precipitated product was.coUected by filtration and dried \ n vaC uo at room 

" temperature, YieJi A.94g (94%). !H nmr ^ (DMSO-d 6 ): 5 3,5 (br m, PEG), 3:0-3.2 

(m, -PEGCOO-CHCGHjJC^COONHS), 5.26 

(K^EGCObCH(C^^ 

4.10 (s, -PEGOCH 2 COO (CM)), 2.S1 (s,NHS), 4.21 (t; 
Cti 2 =CH-COO-CH 2 CH r O-PEG-, 4H), 5.85-6.45 (m, CH 2 =CHCOOPEG-). 
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EXAMPLE 11 

METHOD FOR PREPARING ClbO-PEG-OH AND CONTAINING NO 

HO-PEG-OH FROM A MIXTURE OF BzO-PEG-OH and HO-PEG-OH 

: REACTIONS:' . ' " ' ' 

BzO-PEG-OH + HO-PEG-OH. + 3MsCl + 3(CH 3 CIjyijN ; ► 

.BzO-PEG-OMs + MsO-PEG-OMs + 3(CH 3 CH 2 ) 3 NH + CI" 

BzO-PEG-OMs + MsO-PEG-OMs + 3NaOCH 3 

? EzO-PEG-OCH 3 + CH 3 0-PEG-OCH 3 + 3 NaOMs * ' ' 

. Alternate synthesis of BzO-PEG-OCHj + CH 3 0-PEG-0CH 3 : 

BzO-PEG-OH + HO-PEG-OH + 3(CH 3 ) 3 0K *- 

► BzO-PEG-OK +KO-PEG-OK + 3(CHj) 3 OH 

• BzO-PEG-OK +KO-PEG-OK + 3CH 3 I ► 

*- BzO-PEG-OCH 3 + CHjO-PEG-OCH 3 +3 KI 

Product from either route is hydrogenolyzed: 

i Bz0 7 PEG-QCH 3 + CH 3 O-PEG-0CHj + HjCPd.C) , 

^r^-^r :< : ^r^^W^^^. CH 3 O^EQ-OeH 3 + BzH--. vx^v.W: -.■ . ' - f j$ 
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a) Preparation of BzO-PEG-OMs: BzO-PEG-OH (M W=5000, 
v - ' 50 g, lOmmoIes) containing 

• -r toluene and the solution was 
. . to room temperature; T6 tJiis sojuu'pn was adde^ 

T *. solution wsCs cboledln ^ ice bath 
• '^>K^ V '■ added dropwisev "TheSoIutibri' was'ttifen stirred v afrt)6mTiempefatWovOTigh( antf* * ? 

: y the reaction was quenched by adding 2 ml of absolute ethanoh The mixture was ' :: 
? then concentrated under reduced pressure to remove 100 ml of solvents, filtered, 
and added to 800 ml of cold ether. The precipitated product was collected by 
filtration and dried under reduced pressure. Yield: 48.3g (96.6%). 'H nmr 
(DMSO-d 6 ): 5 3.5 (br m, PEG), 4.31 (t, OCH 2 CH 2 OMs), 4.49 (s, 
C 6 H 5 -CH 2 -OPEG-), 7.33 (s+complex mult., C 6 H 5 -CH 2 -OPEG) 

b) Preparation of BzO-PEG-OCH 3 : BzO-PEG-OMs ' 
containing 6% by weight of MsO-PEG-OMs (MW=5078, 45 g, 8.86 mmoles) in 

.250mloftoluenewasazeotropicallydriedfor2h. To the resulting solution was 
added a 25 wt% solution of sodium methoxide (1 1 .5 g, 53.2 mmoles, 6-fold 
excess) in methanol and the resulting solution was heated at 120-122°C for 20 h 
' ^ under nitrogen. The resulting solution was then cooled to room temperature, 2ml 

filtrate added to 700 ml of cold ether. The precipitated product was collected by 

• " % ' ■ """^jy; , ; 'filn^Mnarid d [ . 

'" [ ^' ' ^ ' '"-^ 3^24 (s; PEG), 3.51 (br/mult., PEG), 4^49 (s, C M 5 -tH 2 -OPEG,), 7.33 (s+comp. Z. y " ' '/' 'V 

y; ,'. y'.*';:^ . " i ^ y . , . ' . -y- 

V * yj;! ' • ^yy" y/ <^j>^ ; ^ ■ ■ 

BzO-PEG-OH containing 6wt% of HO-PEG-OH (MW=10,000, 50g, S.Q rnoles) in 
25ff nil of toluene was azeptropicaliy distilled for 2 h under nitrogen - ' 

...*;,■■ solution was cooled to room temperature. Potassium tert-butoxide ( 1.0 M solution 
in tert-butanol, 25 ml, 25 mmoles) was added and the mixture was stirred 15 
minutes. Methyl iodide (7.1 g, SOmmoles) was then added and the mixture was 
. /. ;; stirred 20 hat room temperature under nitrogen in the dark. The solvents were 
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removed under reduce pressure and the residue was dissolved in 1 00 ml of 
methylene chloride and added to 800 ml of cold ether. The precipitated product 
was collected by filtration and dried under reduced pressure. Yield: 46.8 g ) ! H 
. : nmr(DMSO-d 6 )r5^^^ 

C 6 H5-CH2-6PEG-), 7.33 (^c6mp.muit, C^L 5 -CH 2 -6PEG-). 

d) Preparation 6fCH 3 OPEG-OH containing no HO-PEG-OH: 
v " * B2O-PEG-OCH3 containing 6vvt% of CH 3 0-PEG-OCH 3 (40 g, MW=1 0,000, ' 
mmoles) was dissolved in 400 ml of ethanol and 4 g of Pd on activated carbon 
(10% Pd) was added. The mixture : was hydrogenated (800 psi) at room 
temperature. The mixture was then filtered and the solvent removed under 
vacuum. Yield: 37.1 g. ] H nmr (DMSO-d 6 ): 5 (s, CH3O-PEG), 3.51 (tar. mult., 
PEG), 4.58 (t, OH) 

The invention has been described in particular exemplified 
embodiments. However, the foregoing description is not intended to limit the 
invention to the exemplified embodiments, and the skilled artisan should recognize 
that variations can be made within the scope and spirit of the invention as 
described in the foregoing specification. On the contrary, the invention includes 
• all alternatives, modifications, and equivalents that may be included within the true 

spirit and scope of the invention as defined by the appended claims. 
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; , ' . THAT WHICH IS CLAIMED: 

1.. A method for preparing a heterobi functional derivative of . . 
/ poly (ethylene glycol j..or related polymers, comprising: 
"' ; providing a polymer of W-O-Poly-OH/where W is a group which is 

5 ■'. removable by catalytic hydrogenolysis or. by acid-catalyzed.hydrolysis, and Poly 
'l "' * ' ^presents a difiihctioriai, water soluble, hpnpeptidicjpblyrher; . 

modifying the -OH moiety to produce a first functional group; and 
converting said W group to a second functional group, said second 
functional group being different from said first functional group. 

2. The method of Claim 1 , wherein W has a formula of Ar- 
C(R|)(R 2 )-, where Ar represents a moiety selected from the group consisting of 
phenyl, substituted phenyl, biphenyl, substituted biphenyl, polycyclic aryls, 
substituted polycyclic aryls, and heterocyclic aryls; where R, and R 2 are H, alkyl, 

5 or Ar which is defined above. 

3 . The method of Claim 1 , wherein Poly is selected from 
poly(alkylene oxides), poly(oxyethylated polyols), poly(olefinic alcohols), 




i% -Hp ^ -^-^ * . 

■ > vf. 5^^ : ^Themetiiod'ofClaimT^ 
ethylene oxide and propylene oxide. ■ ■ v ■ ■ 

6. The method of Claim i, wherein said second functional group is 

-OH; ' " ■: . ' _ . : 

7. The method of Claim 1 , wherein said first functional group 
is selected from the groiip consisting of 
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' mesylate, tosylate, tresylate, 
-0-(CH2) n -C0 2 H wherein n= 1-6, 
-0-(CH 2 ) n -C0 2 R 3 wherein n = 1 -6 and R 3 is an alkyl group, 
. . . -NHR4 wherein R4 is H or alkyi or an amine protecting 
: 5" group, and 

-b-(GH 2 ) q -CH(ZR 5 )2 wherein nis.a number of 1-6, and Z is . 
■ ' '* 0 or S; R 5 iis H or an alkyl group, 

Ar-CH=CH-CH=CH-C0 2 -, where Ar represents a moiety 
selected from the group consisting of phenyl, substituted phenyl, biphenyl, 
1 0 substituted biphenyl, polycyclic ary Is, substituted polycyclic aryls, and 
heterocyclic aryls, 

-0-(CH 2 ) n -CHO, and 

-OzCCHjC^CO^, wherein R 6 is H or NHS. 

8. The method of Claim 1 , wherein the second functional 
group is selected from the group consisting of 
hydroxyl group, 

; mesylate, tosylate, tresylate, 

* -NHR^ wherein R4 is H or alkyl or an-amine protecting 

. v.-'v"- ;-V/--* 7'' ' ; ■ -group,,and/ ■•■■^r : • ■ ■' ; ; ■ - ■' . .' "' 

V : . < : ' ; : ; ; -0^^ n is a number of 1-6, and Z is 

• ". />;• ,. ..10 ■.■*.," -f.V 0 or S,R 5 is Hor an alkyl group, " - ; ' 

selected from the group cbn^sistihg ofphenyl, substituted phenyl, biphenyl, 
substituted biphenyl, polycyclic aryls, substituted polycyclic aryls, and 
heterocyclic aryls, • 
.15 CH 2 =CH-eO r , 

-0-(CH2) n -CHO,and 

-O 2 CCH 2 CH 2 C0 2 R$, wherein R$ is H or NHS. 
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9. A method forpreparirig a heterobifuhctional polynieric . 
>,' derivative comprising: 

. > providing a polyrher of the forrn 
— - . • . ; . .vyhere^Ar- is selected from the groupxonsisting of phenyl, 

5, substituted phenyl, biphdnylvSubsUtuted^iphehyr,. poly cyclic aryls, substituted 
-...-polycyclicar^ ■ '"-•*.•.. ■ 

■: • " *■ y ••' where Rj and R 2 'are H; alkyl, or Ar^wher^Ar is as defined 

above, and ' : - 

where Poly is a difunctional polymer selected from the 
; group consisting of, poly(alkylene oxides), poly(oxyethylated poiyols), 
poly(olefinic alcohols), and poly(acrlomorpholine); 

chemically modifying the -OH group to produce a first functional 
group; . 

«, removing the Ar-CR^O- group to produce a new hydroxyl group; 
5 converting the new hydroxyl group to a second functional group, 

said second functional group being different from said first functional group. 



1 0. The method of Claim 9, wherein Poly has the formula - 

CH 2 CH r (CH 2 CH 2 0)^CH 2 CH 2 -, where n is frqm about .8 to 

- ■ : \ \< t : The method of Claim 9, wherein Poly is a copolymer of 
ethylene oxide and prapyfene oxide. - v'" ' ' : 

■■■(-.. \~ . ■ 12. .. Jl? e roetfiod of Claim-. 9, wherein sai^irst functional. ^*oup 
■ ' is selected from &e ^ - ; 

«■•''•'•••• >••••• . . - mesylate^ tosylate,tresylate;' : ' ; ' ; - . 

-0-(CH 2 ) n -C0 2 H wherein n = 1-6, 
5 ; . - „ . . -0-(CH 2 ) n -C0 2 R 3 whereinn = 1-6 rod R 3 is an alkyl group, 
' . . rNHR4 wherein R 4 is H or alkyl or an amine protecting 

group, 

- -€KCH 2 ) n -CH(ZR 5 ) 2 wherein n is a number of 1-6, and Z is 
OorS, R 5 is Horanalkyl group, 
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10 Ar-CH=CH<H=CH-C0 2: , where Ar represents a 

moiety selected from the group consisting of phenyl, substituted phenyl, biphenyl, 
substituted biphenyl, pplycyclic aryls,. substituted polycyclic aryls, and 
heterocyclic aryls, - • - ■ 

" " -CkcA^-CHO, and - 

15 -0200^0^002^, wherein is H or NHS. 

13. The method of Claim 9, wherein Said second functional 
group is selected from the group consisting of: " ' * 

mesylate, tosylate, tresylate, 
-0-(CH2) n -C0 2 H wherein n = 1-6, 
5 -0-(CH2) n -C0 2 R 3 wherein n = 1-6 and R 3 is an alkyl group, 

-NHR 4 wherein R 4 is H or alkyl or an amine protecting 

group, 

-0-(CH 2 ) n -CH(ZR 5 )2 where n is a number of 1-6, and Z is , 
0 or S, R 5 is H or an alkyl group, . 
10 Ar-CH=CH-CH=CH-C0 2 -, where Ar represents a moiety 

selected from the group consisting of phenyl, substituted phenyl, biphenyl, 
J substituted biphenyl, polycyclic aryls, substituted polycyclic aryls, '* 

- 15 "' >6-(CH~ 2 ) n -CH0, where ri-is 1-6, and 

• t k r r / -O2CGH2CH2GO2R6, where R$ is H or NHS: 

14. : V-\\ The method "of Gfe . , .. 
• ; ^oup.is Ar-GH=GH-CH^ and said second fimctional group is ; . .. .- 

-0-(CH2) n -CH(ZR 5 )2 wherein ii is a number of 1 -6; and Z is 0 or S, R 5 is H or an ^ 
alkyl group. ... 

' : t 15. . The method of Claim 9, wherein said first functional group . . 
is Ar-CH-CHrCH=CH-C0 2 - and said second functional group is -0-(CH 2 )„-CHO 
where n is 1-6. 

16. The method of Claim 9, wherein said first functional group is 
-0-(CH 2 ) n -CH(ZR 5 ) 2 , : where n is a number of 1-6, and Z isO orS,R 5 isHoran 




WO 01/26692 PCT/US99/23536 

:- v ' ;•- V". -. ,.' V ■ ; ' ' -42- . "A " " ' ' •* \ . : 

alky 1 group, said second functional group is -0 2 CCH 2 CH 2 C0 2 R$, where R$ is H or 

.p, ■■v.i. I; -:' -;, - ^ IT.Themethodof Claims 

"*".;' . . -0-CH 2 -C0 2 CH(^^ 
■ v." . : . CH 2 =CH-G0 2 -. . ' . . 

' V \ ■' ■ . f 8T X heterobifimc'tiphal ppi'^mferic derivative represented by a y' 

formula of Y-Poly-X, where Poly represents difunctional, water soluble 

nonpeptidic polymers, and where X and Y are functional groups selected from the 
group consisting of: 
5 mesylate, tosylate, tresylate, 

-0-(CH 2 ) n -C0 2 H wherein n = 1 -6, 
-0-(CH 2 ) n -C0 2 R 3 wherein n = 1 -6 and R 3 is an alkyl group, 
-NHR4 wherein R 4 is H or alkyl or an amine protecting 
group, " .' 

10' -0-(CH 2 ) n -CH(ZR 5 ) 2 wherein n is a number of 1 -6, and Z is 

O or S, R 5 is H or an alkyl group, 

Ar-CH=CH-CH=CH-C0 2 -, where Ar represents a 
* T • moiety selected from the group consisting of phenyl, substituted phenyl, biphenyl, ; ^ . 



f . . - \ -0-(CH 2 )p -CHO where n is 1 -6, and ; ... - . ^ A 

■ different frofn Y> : - *- ' A v . ; v J .. ; - -'../> 



; ^/i^,^ 18, wherein Poly 

' is PEG represei ! " T '~ T1t ~ x ^ TT ™ r " 1 L r ""~ 0 

to about 4000. 



^WPEG repfe^ is from about 8 



20. The heterobifiinctiohal derivative of Claim 18, wherein Poly 
is' a copolymer of ethylene oxide and propylene oxide. 
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.21. - The heterobifunctional derivative of Claim 18, wherein X is 
. • ■ Ar-CH=CH-CH=CH-C0 2 - and Y is -0-(CH 2 -) n -CH(ZRi)2 wherein n is a number of 
- . l-e/andZisPorS^RsisHoran alkylgroup. . 

" ' - " 22! The heterobifunctional derivative of Claim 18, wherein X is 

Ar-CH=CH-CH=CH-C0 2 - and Y is : 0-(CH 2 ) n -CHO, where Ar represents a 
moiety selected from the. group consisting of phenyl, substituted phenyl, biphenyl, 
substituted biphenyl, polycyclic aryls, substituted polycyclic aryls, and 
5 heterocyclic aryls, and where n is 1-6. 

23. The heterobifunctional derivative of Claim 1 8, wherein X is 
-0-(CH 2 ) n -CH(ZR 5 ) 2 , where n is a number of 1 -6, and Z is O or S, R 5 is H or an 
alkyl group, and Y is -0 2 CCH 2 CH 2 C0 2 R 6 , where R 6 is H or NHS. 

24. The heterobifunctional derivative of Claim 1 8, wherein X is 
Ar-CH=CH-CH=CH-C0 2 -, where Ar represents a moiety selected from the group 
consisting of phenyl, substituted phenyl, biphenyl, substituted biphenyl, polycyclic 
aryls, substituted polycyclic aryls, and heterocyclic aryls, and wherein Y is 

5 -0-(CH 2 ) n -CO2R, where R is H, alkyl, or NHS, n is 1-6. 

selected fronvthe group consisting of phenyl, substituted phenyl, biphenyl, 
/ . : ^bstituted biphenyl, polycyclic aryls, substituted polycycl^ 

,/ ; V ;V*. "'" .y, . heterocyclic ary^ 

vV- V-."\': -.; •'. [C,-, \. . ; - "'- V 

• . ' ^. ' '-p ■ " -0-(CH 2 ) n -c6 2 Hwheren=l-6, . ^ 

-0-(CH2) n -C0 2 R 3 where n = 1-6 and R 3 is an alkyl group, 
. -NHR4 where R< is H or alkyl br an amine protecting group, 
10 -0-{CH 2 ) n -CH(ZR5) 2 where n is a number of 1 -6, and Z is 0 or S, 

R 5 is H or an alkyl group, 

Ar-CH-CH-CH=CH-CO r , where Ar is defined above, 
-0-(CH 2 ) n -CHO where n is 1-6, and 
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" ! . , -62CCH2CH2C02R6, where is H or NHS. " ' 

..... r - ..-26. A. method for preparing a difiinctiorial polynieric derivative ' ' 

V V having a formula .of X-Pql^ • \ ■ . ' 

. , .' ... ' a^ .$ Wctional, water solubje/n 

: . . different, n is 0-6, ahtf R 5 is H or alkyl, X is .a functional group, said method being 
' — \ : ; . ;.; t Jfreeq ., i.- '. f - 

- ^ -v .- ' v - : e • : " .presiding a firfcf^ : - 

: : v ; second polymer of Ar-€(Ri)(R 2 )0-Po^^ - /, r 

H, alkyl, or Ar, where Ar is selected from the group consisting of phenyl, 

* . substituted phenyl, biphenyl, substituted biphenyl, polycyclic aryls, substituted . * . 
10 - polycyclic aryls, and heterocylicaryls, U and V are moieties so selected that said 

first polymer can react with said second polymer to form a polymer of 

* ' Ar-C(R l )(R 2 )0-Poly a -0-CHR 5 (CH 2 ) n CO r Poly b -OC(R 1 )(R 2 )-Ar; 

reacting said first polymer with said second polymer to form 
said polymer of Ar-C(R0(R 2 )O-Poly a -O-CT^ ■. : * . 

15; converting the Ar-C(R,)(R 2 )0- moieties into functional groups. 

I 27. The method of Claim 26, wherein U is -OH. and V is , 

\ halogen. ' * , ^ .-^ i ■ . • 

. ; : where RisH or al^ •. ; . .V 

, - ..... : : ;^The method of Glaim. 26, wherein X is NHS^^ 

-.).'•■ .32. \A method for preparing a directional polymeric derivative , h , 

. ; havingafonnulaofR 8 0-Por^^^^ 

Polyb are difunctional, water soluble, nonpeptidic polymers, that can be the same 
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or different, n is 0-6, R 5 and R 8 are H or alkyl, and Y is a functional group, said . 
5 method being free of a chromatography step and comprising: 
*' v - providing a firsTpolymer of Ar-C(R J )(R 2 )0-Poly b -U, and a . 

second polymer of R80-Poly a -GHR5(CH 2 j n CQ-V, where R 8 is H or alkyl, R, and 
R 2 are HI alkyl, or Ar, where Ar is selected from th^ 
. ' substituted phenyl, biphenyl, substituted- biphenyj, polycyclic aryls, substituted . 
10 ■•potycycli'c ^ 

first polymer can react with said second polymer to form the polymer of 
' RgO-Pol^-O-CHRjCCH^^Oz-Polyb-OCCROCRj^Ar; 

reacting said first polymer with said second polymer to form said 
polymer of R 8 0-Poly a -0-CHR 5 (CH 2 ) n C0 2 -Poly b *OC(R,)(R2>Ar; and 
1 5 converting the Ar-C(R,)(R 2 )0- moiety into a functional group. 

' : 33. The method of Claim 32, wherein U is 

-OH, and V is -CI. 

: 34. The method ofClaim 32, wherein Y is OH. 

35. The method of Claim 32, wherein Y is CH 2 =CR 5 C0 2 -, 
' =' -where R 5 is H or alkyl. . • * *■ ^ . 

, where R is H oralkyl/Z is O.or S and n. is 1-6. 

. . v 37. ■ A method of inhibiting to HO-PEG- 

.' ]-r " poly(ethyiene glycol), Ar represents a moiety sel^ consisting of 

' 5 substituted polycyclic' aryls, and heterocyclic afyls, where R, and R 2 are H, alkyl, 
• / •_•*•</ ■. \ . or' Arofthich is defined above;: ; edmprisihg:-- ' 

alkylating the Ar-CR,R 2 0-PEG-OH and HO-PEG-OH in said 

mixture to form Ar-CR,R r O-PEG-OR 9 and RgO-PEG-ORg respectively; 
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- converting the Ar-CR|R 2 -6- moiety into -OH by acid-catalyzed 
,10, hydrolysis or hydrogenoiysis and forming.a new. mixture of R 9 0-PEG-OH and 
. ' ; I^Q-PEG-OR?, wherein the R 9 Q-PEG-OR 9 : is inert. 

...... . ; v •■ - ., 3&. ^:The. method of Claim 37, further comprising converting 

; RgO-PEG-OH in the new mixture to. R^-PEG-CHO; « 



.. .. . . - ,,,^,w39. ; - /A method>of.conjugating PEG or-related polymers to 

macromoleQules comprising:^ * 

providing a polymer of Ar-C(R,)(R 2 )0-Poly-OH, 
where Ar is selected from the group consisting of phenyl, substituted phenyl, 
5 biphenyl, substituted biphenyl, polycyclic aryls, substituted polycyclic aryls, and 
heterocylicaryls, 

where R, and R 2 are H, alkyl, or Ar, where Ar is as defined 

above, and 

where Poly is a polymer selected from the group consisting 
10 ' of polyethylene glycol), poly(alkylene oxides), po]y(oxyethylated polyols); 
poly(oiefmic alcohols), and poly(acrlomorpholine); 

chemically modifying the -OH group to produce a first functional 

^^^^ V : ' T -^--^ 

*f. r %5 reriioS^^ ^oiu^ Kpjroy'u^ !a new/hydrdxyl' group; 

. converting the new hydroxy!, grqup to a.second functional group; 



. an< 



"jj '.. m^romoiecM^ 

: V polysaccharides, oligonucljeotides, and drugs. ; / 

41; The : method of Claim 3?i wherein said Poly is represented by - 
CHjC^KCH.CHiOVCHXHj-, .where n is from about 8 to about 4000. 



42, " The method of Claim 3& wherein Poly is a copolymer of 
ethylene oxide andpropylene oxide.. 
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43. The method of Claim 39; wherein said first functional group 
is selected from the group consisting of 

mesylate, tosylate, tresylate, 
. : . , ... -0-(CH 2 ) n -CG 2 H wherein n = 1 -6, , - 
5 -0-(CH2) n -C0 2 R3 wherein n = 1 -6 and R 3 is an alkyl group, 

- . / . -NHRj wherein R^isH or alkyl.or an amine protecting 
group, 

■ - ; i\ -0-(CH2) n .CH(ZR 5 )2 wherein ri is a number of 1 -6, and Z is 
0 or S, R 5 is H or an alkyl group, 
10 Ar-CH=CH-CH=CH-CO r , where Ar represents a 

moiety selected from the group consisting of phenyl, substituted phenyl, 
biphenyl, substituted biphenyl, polycyclic aryls, substituted polycyclic aryls, 
and heterocyclic aryls, 

-0-(CH 2 ) n -CHO, where n is 1 -6 and 
15 -OjCCHjCHzCOjR* wherein R 6 is H or NHS. 

44. The method of Claim 39, wherein said second 
functional group is selected from the group consisting of: . _ . 

.-; 5 ' ■ -0-(CH 2 ) n -C0 2 R 3 wherein n = 1-6 and R 3 is an alkyl group, 

-NHRj wherein; R< is H or alkyl or an amine, protecting 

. group, ' v - •' ; , : ? f ; • *■*■ ; ■ 

-0-(CH 2 ) n rCH(ZR s ) 2 wherein n is a" number of 1-6, and Z is^ 
■ -'-v- -0 orSVRyisH oir an dkyl grobp, . '• 
10' : Ar-CH=CH-CH=CH-Cb r , where Ar represents a 

moiety selected .from the group consisting • -of phenyl substituted phenyl, 
biphenyl, substituted biphenyl, polycyclic aryls, substituted polycyclic aryls, and 
heterocyclic aryls, . 

CH 2 =CH-CO r , 

.15 -0-(CH 2 ) n -CHO where nis i -6, and 

-0 2 CCH 2 CH 2 C0 2 R$, wherein R 6 is H or NHS. 
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f .. * 45: . Jht method of Claim 3.9, wherein said first functional' group 

is Ar-CH=CH-CH=CH-C0 2 - and said second functional group is 
; ; -0-(CH^) n : CH(ZR 5 ) 2 where n is a number of 1-6, and Z is 0 or S, R 5 is H or an 
alkyLgroup. . - ^..^ v .- .-. \ 



46. ' The method of Claim 39, wherein saicf first functional group 
*■ : ; ' -AjM Ar-CH-.C^CH^C^ and said ^pcond functional group is^6-(CH 2 ) n -CHO ■. .. 

where n is 1-6. . , . .. . . 

47. The method of Claim 39, wherein said first functional group is 
-0-(CH2) n -CH(ZR 5 ) 2 , where n is a number of 1-6, and Z is 0 or S, R 5 is H or an 
alkyl group, said second functional group is -0 2 CCH 2 CH 2 C0 2 R 6 , where R 6 is H or 
NHS 

48. The method of Claim 39, wherein said first functional group is 
CH 2 =CH-C0 2 -, and wherein said second functional group is 
-0-CH 2 -C0 2 CH(CHj)CH 2 CO-NHS. 




INTERNATIONAL SEARCH REPORT 



tnt tiond Application No 

PCT/US 99/23536 



1 tp?r e »^XlK47/34 C08G65/329 



According to International Patent gasification (IPC) or to both national daeeificatton and IPC 



B. FIELDS SEARCHED 



Minknum documentation searched (claaetfcation system followed by classification eymbole) 

IPC 7 A61K C08G 



i Oocunentabon searched other ^an minmum documentation to the'extent that auch documents are mduded in the fields searched 



gt^P^^ahi^MicofMttittadfijinQthe ntemational eoarch (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with tnd cation, where appropriate, of the relevant paaeeose 



X': 



EP 0 867 190 A (KYOWA HAKKO K0GY0 KK) 
30 September 1998 (1998-09-30) 
page 6 t line 1-45; claims; examples 
& WO 96 35451 A 
cited in the application 

WO 99 34833 A (SHEARWATER POLYMERS ET AL.) 

15 July 1999 (1999-07-15) 

page 14, line 9 - line 18; claims-; \ 

.•examples.,,,.. / ■ . . , - ■■•„■*■ 

25 Marcrr 1999? (1999-03425) v ~ ' > v.- 
claims; examples .j ■ .;: 

: W0 99 45964 A (SHEARWATER POLYMERS ET AL. ) 

16 September J999 (1999-09-16) .. ; .; ,, : 
; :' claMns; examples 'V''-' '■. V 



Relevant to dalm No. 



1-4 



1-4,26, 
32,39 



26,32 



1-48 



Bather d&uritto** ftWlnthe continuation of box C. -: 



m 



Patent fcrrdly rnembeh> are Rated In annex. 



» Special categories of cited documents : 

•A* document defining the general stale of the art which is not 
ccmkfered to be of pa^W ^yence 
| *E* eartiercirxurnentbUpUDlB^edon or after the International 
Hngdsto. 

| V doeunent which may throw doubts on priority cbkn(»)or 
which m cited to eetabOeh the publication date ol another 
cftotton or ether epedal reason (a* specified) 
I KT *x«nw<re1enh^toanorirfdadcmjn»,uae, exhtttkmor 



•p- desert pubHr^r^ to the intomatk^ Sing date but 
later tnan the priority dade claimed 



T later document published after the International ffflng date 
or.prtocty date and not In conflict with the appflcaoon out 
.. cMtoUTKlers^ther^frK^lew.thecfy undertytng the 
Invention 

*X* doairnert of partx^ar relevancy to invention 
cannot oeoorwda^m^ or cann^ to 
lnvorve an inventive atep when tt» ftoaifnent to taken eione 

T document of particular re^arce,- the claimed hwntton 
cannot beccnaidered to WwcWe an inventive atep when the 
docuneftbcarttnedwithorwff auchdeo*- 
rr»ni»,auchcoTiWnatic^b«r^c^tooetoa person skilled 
h the art 

'V document member of the same patent family 



| Date of the actual completion of the intemationa) search 



26 May 2000 . 



[Name end mailing address of the ISA 

' European Patwrt OfBce, PB. 561 8 Patenttaan 2 
. NL-2280HVRipwik 

Tel (+31-70)340-2040. Tx. 31 651 eponl. 
Fax (♦31-70)340-3016 



Date of mailing of the irrternational search report 



05/06/2000 



Authorized officer 



Boeker, R 



FomPCT/tSAOIOtM 



dehMt)(Jutytoez) 



oaae 1 of 2 



INTERNATIONAL SEARCH REPORT 



tnti Jonii Application No 

PCT/US 99/23536 . 



OtConUiwilion) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with hdeation.whom appropriate, ol the mlevertf passage* 




WO 97 03106 A (SHEARWATER POLYMERS ET At.) : 
30 January 1997 (1997-01-30) • 
..claims; examples 

•ZHAO X ET AL: "NOVEL DEGRADABLE 
¥0LY(ETHYLENE GLYCOL) HYDR0GELS F0R" v - 
"CONTROLLED RELEASE' OF PROTEIN" . ■ 

JOURNAL OF PHARMACEUTICAL * 

SCIENCES, US, AMERICAN PHARMACEUTICAL** 

ASSOCIATION. WASHINGTON, " 

vol. 87, no. 11, 

1 November 1998 (1998-11-01), pages 
1450-1458, XP000783392 
ISSN: 0022-3549 



RaloVamtociainNo; 



■ 1-48 



1-48 



Font PCTASA/210(eo«tir>t»«tk*t erf Mcood *o«)frXi* 1692) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

tnfofTTMtton on pvttnt tunity fn#fnbws 



Ink Icnal Apprflwtkm No 

PCT/US 99/23536 



Patent document 
cted in search report 


Publication . 


Patent family 
rnomberts) 


Publication 
date 


EP 0867190 . 


A 


30-09t1998 


CA 
WO 


2220339 A " 
9635451 A. . 


14-11-1996 
14-11-1996 


WO 9934833 


A 


15-07-1999 


AU 


2221499 A 


26-07-1999 


. WO. 9914259 


A 


25-03-1999 


AU 


6029398 A 


05-04-1999 


WO 9945964 


A 


16-09-19§9 

: — ;+ 


All 


2903899 A 


27-09-1999 


WO 9703106 


A 


30-01-1997 


US 
AU 


5672662 A 
6345796 A 


30-09-1997 
10-02-1997 



Fo<m PCT/SAS10 ft*** t«nly annex) (July t»2) 



INTERNATIONAL SEARCH REPORT 



..temationaJ application No. 
PCT/US 99/23536 



Box I .Observations where certain claims were found unsearchable (Contlnuatton of Item 1 of first sheet) 



This International Search Report has not been estabfisrted in respect of certain claims undeV Article ;i7(2){a) for the following reasons: 



/TJ Claims Nos.:.: 



because they »late to 

"' " *' -: -,«tr> v*a»^<-- ^V-' . " ■• * ... .-.-vis • - '^s' y 'l \--y 



□ 



Claims Nos.: 



because they relate to parts ot the International AppBcation that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. Claims Nos. 
1 — ' kJ. 



because they are dependent claims and are not dratted in accordance with the second and third sentences of Rule 6.4(a). 



Box 11 Observations where unity of Invention Is tacking (Continuation of Item 2 of first sheet) 



This International Searching Authority found multiple inventions in ttils international appiicaboh, as follows: 

1- ^ ^1 ^ F ' ; w:'. ft- Si * ' 

a&~airew^ 
. /sean^aWectaimi : .-■■.■<- ' : \ , . f ' _ ■; v 

■-'2. n A^afl seajchabtedaimscou^ . ,ii 

y ^/cfany.add^fee: s • .0-:- J;--. / ■ ^ - , :r 



v.' 



- AsonVsomeottW red^^ Search Report 

LJr covers oniy those claims for Which foes we're pakt soecificaBy daima Nos,: » . ; - •.;>,•<: 



4 n No required addtional search tees were timely paid by the applicant Consequently, this International Search Report is 
T/. restricted to. the invention first mentioned in the dairns; it is covered by dai^ 



Remark on Protect 



. J^j The edcStionaJ search tees were accompanied by the appficanf* protest 
I I protost accompanied the payrneht of .adcfitSonal ^eaich fises. 



Form PCT/ISA/210 (continuation of first sheet (t)> (Juty 1998) 



: Intematibnaf AppBcafion ^4o. PCTAJS 99 £3536 

FURTHER INFORMATION CONTINUED FROM PCTASA/ 2K) 



. , Continuation of Box 1. 2 .. 
"TiaiBS s Nos.": i'X 64,18^ 21-24^. 26-36 • 



Present claims 1,2, 6-8, ^18, 21-24, 26-36 relate to an extremely large 
number of possible compounds because of the functional definition of 
"poly*, i.e. "di functional, watersoluble, nonpeptidic". 
The claims contain so many options, that a lack of clarity within the 
meaning of Article 6 PCT arises to such an extent as to render a 
meaningful search of the claims impossible. Furthermore support within 
the meaning of Article 6 PCT and disclosure within the meaning of Article 
5 PCT is to be found, however, for only a very small proportion of the 
compounds claimed. In the present case, the claims so lack support, and 
the application so lacks disclosure, that a meaningful search over the 
whole claimed scope is impossible. 

Consequently, the search has. been carried out for those parts of the 
application which do appear to be clear and appear to be supported and 
disclosed, namely those parts relating to heterobi functional derivatives 
of poly(alkylene oxides), poly(oxyethylated polyols, poly(olefinic 
alcohols) and poly(acr1omorpholine. 

The applicant's, attention- lis drawn to the fact that. claims, or parts of r= 
c^ims^ relating tjMnvfgtjoQs in respect of which.no international 

; e^^rterhatlona X pr^m^ria^xami hat ioif ft (^e%; If iT^ftf3& ^efp Mii^f:^ 3 
; is advised. that the EPO policy when acting: as an International- : ' si r 
„ Preliminary Examining Authority Is normally not to carry out a, 
preliminary examination oh matter which has not been searched. This is 
the case irrespective of whether or not the claim* are amended following 
; recei pt of . the search report or dur i ng any Chapter 1 1 procedure . 



